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Description 

The present invention relates generally to semicon- 
ductor laser diodes and particularly to the controllers 
and control methods used to bias and drive laser diodes. 5 

BACKGROUND OF THE INVENTION 

Referring to Figure 1 , there is shown a laser diode 
100 and a prior art analog laser diode controller 102. 
The laser diode 100 has a front facet 110 which emits 
coherent light that is to be transmitted, usually into some 
optical component such as an optical fiber 112, and a 
back facet 114. Light emitted by the back facet 114 is 
received by a photodiode 116 which is used to continu- 
ously monitor the optical power being output by the laser 
diode 110. In general, the amount of optical power out- 
put by the front facet 110 is directly proportional to the 
optical power output by the back facet 114: 

Power(front facet) = Power(back facet) / K 

While K is often equal to 1 , the amount of back facet 
power received by the photodiode 116 varies consider- 
ably from package to package, and therefore must be 
separately calibrated for each laser diode. 

Typically, the laser diode 100, the back facet pho- 
todiode 116, and the outgoing optical fiber 112 (or a 
mechanism for holding the outgoing optical fiber) are all 
mounted on a common platform or housing 1 1 8. In some 
cases, the housing 118 includes a solid state thermoe- 
lectric cooler for maintaining the laser diode 100 at a 
specified temperature. 

Referring to Figure 2, the optical output power of 
the laser diode is a non-linear function of the laser di- 
ode's drive current. In particular, when forward bias cur- 
rent is applied to a semiconductor laser it begins to emit 
light in a manner similar to light emitting diodes (LEDs). 
This type of emission is known as spontaneous emis- 
sion because it happens randomly from excited atoms 
in the laser diode's cavity, and is commonly called LED 
mode. 

At a certain drive current, herein called the thresh- 
old current, l^, the laser diode's efficiency in converting 
current into light increases dramatically. This is the point 
where the laser diode changes from the LED mode of 
operation to the lasing mode of operation. 

While various classes of laser diodes will have 
thresholds in the same general range of currents, the 
threshold current l^ varies considerably among laser 
diodes of the same type and also varies with the tem- 
perature and age of the laser diode. For example, the 
threshold current of some laser diodes can vary by as 
much as fifty percent or more with changes in tempera- 
ture. The effect of this temperature sensitivity is that at 
a given drive current the laser diode could be operating 
above its recommended levels at one temperature while 



not even lasing at another temperature. 

When the laser diode is operating in the lasing 
mode, that is at a drive current in excess of the threshold 
current, there is a characteristic slope that determines 
the laser diode's efficiency. More specifically, each laser 
diode's "slope efficiency" is equal to the ratio of changes 
in the laser's optical output power to changes in the drive 
current while operating in the lasing mode. Slope effi- 
ciency varies from laser diode to laser diode, and also 
varies with temperature and with the age of the diode. 

The "operating point" or bias current, l OP , for a diode 
laser is a generally set by the user of the laser diode so 
that it is within the current range for lasing mode of op- 
eration, and so that the laser diode remains in lasing 
mode when the current is modulated by an input signal. 
Thus, if the maximum variation of the input signal below 
the operation point is MV, the operation point must be 
greater than + MV. In addition, the operation point 
must be set sufficiently high that a receiving photodiode 
will be able to receive the transmitted light, and yet the 
operation point must not be set so high as to burn out 
the laser diode. 

Referring back to Figure 1, prior art diode control- 
lers 102 typically contain an analog feedback loop 120 
coupled to a potentiometer 1 22, or some other similar 
mechanism, for manually adjusting the laser's operating 
point. The user typically turns the gain of the feedback 
loop 1 20 down before powering on the laser diode's con- 
troller, and then manually adjusts the gain upwards until 
the desired amount of optical output power is achieved. 
Optical output power is typically measured using anoth- 
er photodiode coupled to the front facet by an optical 
fiber 112, or by some similar set up (not shown in Figure 
1 ). After the laser diode's controller 1 02 is calibrated us- 
ing potentiometer 112, signals to be transmitted are su- 
perimposed on the laser diode's operating point current 
l OP by a capacitor 124, thereby modulating the output 
power of the laser diode 110. 

Some analog controllers employ multiple potenti- 
ometers to separately set threshold current, operating 
bias current and back facet photodiode feedback con- 
trol, which components make such analog controllers 
both difficult to tune and expensive to manufacture. 

In general, any laser diode will be destroyed if its 
optical output power exceeds a certain limit. Given the 
very sharp slope of the optical output when operation in 
lasing mode, It is generally quite easy to destroy a laser 
diode while trying to select its operating point. In fact, 
many very expensive lasers, such as those used by tel- 
ephone companies for transmitting telephone signals 
over optical fibers and those used in the cable television 
industry, have been destroyed during calibration. Such 
losses may be caused by adjusting the calibration po- 
tentiometer too quickly, by problems in the equipment 
monitoring the output of the front facet during calibra- 
tion, causing the laser diode to be turned on too hard, 
and by many other hazards. 

In general, the setup procedure for calibrating laser 
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diodes is time consuming and expensive, and subject 
to various forms of operator error. 

Another important limitation in prior art laser diode 
controllers is that they cannot be used to predict device 
failures in advance of when it occurs. Many semicon- 
ductor laser diodes are used in vital communications 
systems, and when such lasers fail, they can cause en- 
tire communications systems to fail. If the failure of laser 
diodes could be accurately predicted, a preventative 
maintenance program could be implemented to prevent 
system failures by replacing such laser diodes prior to 
the time that failure is predicted. Currently, such laser 
diodes are replaced solely based on their time in service 
without regard to their actual operability. 

Further prior art is described in EP-A-0 281 1 88 and 
in US-A-4890288. 

In one aspect of the present invention there is pro- 
vided a controller for a laser diode, comprising: an opti- 
cal power sensor which receives a portion of the light 
emitted from a laser diode and generates an optical 
power measurement signal corresponding to the optical 
power of the light received by said power sensor; a drive 
circuit, coupled to said laser diode, which applies a 
specified level of drive current through said laser diode; 
and a digital data processor, coupled to said optical pow- 
er sensor and to said driver current circuit, which sets 
said specified level of drive current applied to said laser 
diode and receives said optical power measurement 
signal from said optical power sensor; said digital data 
processor including means for stepping said drive cur- 
rent through a sequence of values, computing operating 
characteristics of said laser diode based on received op- 
tical power measurement signals for each drive current 
value, and selecting a drive current level for said laser 
diode based on said received optical power measure- 
ment signals; characterised by: a nonvolatile memory 
coupled to said digital data processor, said digital proc- 
essor including means for storing data in said nonvola- 
tile memory, said stored data denoting at least one cal- 
ibration coefficient for said optical power sensor, initial- 
ization values, and said computed operating character- 
istics of said laser diode, wherein said at least one cal- 
ibration coefficient is generated and stored by said dig- 
ital data processor based on said optical power meas- 
urement signal received from said optica! power sensor 
and a signal received by said digital data processor from 
a light metering device external to said controller and 
arranged to detect the optical output power from the 
front facet of said laser diode while said driver current 
circuit applies current to said laser diode; said digital da- 
ta processor including means for using said stored data 
to set said drive current level for said laser diode each 
time that said controller is turned on; and a communica- 
tion port for transmitting information, including said data 
stored in said nonvolatile memory, to a host computer 
and for receiving instructions from said host computer. 

One embodiment of the present invention provides 
a laser diode controller which uses a programmed digital 



controller to accurately measure a laser diode's operat- 
ing characteristics and to control the process of turning 
on and selecting the operating parameters of the laser 
diode. Light from the laser diode's front facet is used for 

5 transmitting light, and light from the laser diode's back 
facet is used for monitoring the optical output power 
generated by the laser diode. Once the back facet pho- 
todiode of the laser diode is calibrated, the controller can 
accurately monitor the laser diode's operating charac- 

10 teristics, and can select the best operating point current 
based on the current operating characteristics of the la- 
ser diode. 

During calibration of the laser diode, the controller 
can check the linearity of the laser diode's optical output 

is power as a function of drive current, and can thereby 
detect defects in the laser diode. A unique transistor d. 
c. power anda.c. signal connection arrangement is used 
to reduce RF noise. 

In a full duplex optical link, with digital controllers 

20 used at both ends of the optical link, the controller of a 
preferred embodiment of the present invention prevents 
the laser diodes from generating light at their full normal 
intensity until the integrity of the link has been estab- 
lished. Once the link is established, the controller con- 

25 tinues to monitor the integrity of the link and reduces the 
laser diode's output power if the link is interrupted. In 
this way the controller can prevent light from the laser 
diode's from accidentally damaging user's eyes. Fur- 
thermore, the controllers can use the full duplex link to 

30 establish lower operating point drive currents that would 
otherwise be used, thereby significantly lengthening the 
lifetime of the laser diodes. 

The operating characteristics of a laser diode 
change over the device's lifetime in such a way as to 

35 enable the controller to predict when the laser diode will 
fail. The controller of a preferred embodiment of the 
present invention records the operating characteristics 
of the laser diode in a nonvolatile memory, analyses 
changes in those characteristics and generates a failure 

40 warning message when those changes match prede- 
fined failure prediction criteria. 

Advantageously, the drive current circuit of the laser 
diode controller, which applies a specified level of drive 
current through said laser diode, comprises: a bipolar 

45 transistor having an emitter coupled to a power source, 
a base coupled to a digital data processor, and a collec- 
tor directly connected to said laser diode; and a capac- 
itor, connected to said collector, which a.c. couples said 
collector to an input signal line, said input signal line car- 

50 rying high frequency signals to be optically transmitted 
by said laser diode. 

Another aspect of the present invention provides a 
multichannel laser diode apparatus, comprising: a plu- 
rality of laser diodes; a separate optical power sensor 

55 positioned near each of said laser diodes so as to re- 
ceive a portion of the light emitted from said laser diode, 
said optical power sensor generating an optical power 
measurement signal corresponding to the optical power 
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of the light received by said power sensor; a separate 
driver current circuit coupled to each said laser diode, 
each said drive current applying a separately specified 
level of drive current through a corresponding one of 
said laser diodes; and a single digital data processor, 
coupled to all of said optical power sensors and to all of 
said drive current circuits, which sets said specified 
drive current levels applied to said laser diodes and 
which receives said optical power measurement signals 
from said optical power sensors; said digital data proc- 
essor including means for stepping said drive current for 
each laser diode through a sequence of values, to com- 
pute operating characteristics of each said laser diode 
based on received optical power measurement signals 
for each drive current value, and to select a drive current 
level for each said laser diode based on said received 
optical power measurement signals; characterised by: 
a nonvolatile memory coupled to said digital data proc- 
essor, said digital data processor including means for 
storing data in said nonvolatile memory, said stored data 
denoting at least one calibration coefficient for each said 
optical power sensor, initialization values, and said com- 
puted operating characteristics of each said laser diode, 
wherein said calibration coefficients are generated and 
stored by said digital data processor based on said op- 
tical power measurement signals received from said op- 
tical power sensors and a signal received by said digital 
data processor from a light metering device external to 
said apparatus and arranged to detect the optical output 
power from the front facet of said laser diode while said 
driver current circuit applies current to said laser diode; 
said digital data processor including means for using 
said stored data to set said drive current levels for said 
laser diodes each time that said apparatus is turned on; 
and a communication port for transmitting information, 
including said data stored in said nonvolatile memory, 
to a host computer and for receiving instructions from 
said host computer. 

Preferably said digital data processor being further 
programmed to detect aging of each said laser diode by 
(A) storing data denoting said computed operating char- 
acteristics of said laser diode in said nonvolatile mem- 
ory, and (B) periodically checking the operability of said 
laser diode by stepping said drive current through a se- 
quence of values, computing a set of operating charac- 
teristics of said laser diode based on received optical 
power signals for each drive current value, and gener- 
ating an error signal when said computed set of operat- 
ing characteristics fail to meet predefined criteria with 
respect to said operating characteristics stored in said 
nonvolatile memory. 

A further aspect of the present invention provides a 
method of controlling a laser diode, the steps of the 
method comprising: applying a drive current to a laser 
diode so as to generate light; measuring said generated 
light's optical power with an optical power sensor; under 
control of a digital data processor, when said laser diode 
is powered on for a first time, automatically stepping said 



drive current through a sequence of values, receiving 
an optical power measurement for each drive current 
value from said optical power sensor, computing oper- 
ating characteristics of said laser diode based on said 

5 received optical power measurement for each drive cur- 
rent value, storing in a nonvolatile memory data denot- 
ing at least one calibration coefficient for said optical 
power sensor, initialization values, and said computed 
operating characteristics of said laser diode, wherein 

10 said calibration coefficient is generated and stored by 
said digital data processor based on said optical power 
measurements received from said optical power sensor 
and a signal received by said digital data processor from 
a liaht metering device external to said controller and 

15 arranged to detect the optical output power from the 
front facet of said laser diode while driver current is ap- 
plied to said laser diode; under control of said digital data 
processor, each time said laser diode is powered on, 
selecting a drive current level for said laser diode based 

20 on optical power measurements received from said op- 
tical power sensor and said at least one calibration co- 
efficient stored in said nonvolatile memory; transmitting 
information, including said data stored in said nonvola- 
tile memory, to a host computer and receiving instruc- 

25 tions from said host computer. 

Advantageously, the method further includes the 
steps of: periodically checking the operability of said la- 
ser diode by stepping said drive current through a se- 
quence of values, receiving a measurement of optical 

30 power for each drive current value, computing a set of 
operating characteristics of said laser diode based on 
said received optical power measurement for each drive 
current value, and generating an error signal when said 
computed set of operating characteristics fail to meet 

35 predefined criteria with respect to said operating char- 
acteristics stored in said nonvolatile memory. 

Preferably, the method of controlling a laser diode 
further includes the steps of providing a receiver chan- 
nel which receives light generated by a second laser di- 

40 ode, said two laser diodes forming a full duplex optical 
link; measuring the d.c. optical power of said received 
light from said second laser diode; under the control of 
said digital data processor, receiving said d.c. optical 
power measurement for said second laser diode, com- 

45 paring said d.c. optical power measurement with prede- 
fined criteria and to thereby determining whether a full 
duplex optical link has been established between said 
two laser diodes, setting said drive current level for said 
laser diode at a first level prior to determining that a full 

so duplex link has been established, setting said drive cur- 
rent level for said laser diode at a second level after de- 
termining that a full duplex link has been established; 

wherein said second drive current level is higher 
than said first drive current level. 

55 Advantageously, the method of controlling a laser 
diode further includes the steps of 

monitoring said d.c. optical power measurement 
so as to detect a breach of said full duplex link, and re- 
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setting said drive current level back to said first level af- 
ter detecting said breach. 

Preferably the method of controlling a laser diode 
further includes the steps of 

detecting decreases of at least a preselected mag- 
nitude in said d.c. optical power measurement, and gen- 
erating a warning signal whenever such a decrease is 
detected; whereby attempts to eavesdrop on data trans- 
mitted via said full duplex optical link are detected. 

Advantageously, the step of applying a drive current 
includes the steps of providing a bipolar transistor hav- 
ing an emitter coupled to a power source, a base cou- 
pled to said digital data processor, and a collector di- 
rectly connected to said laser diode; and providing a ca- 
pacitor, connected to said collector, which a.c. couples 
said collector to an input signal line, said input signal 
line carrying high frequency signals to be optically trans- 
mitted by said laser diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Examples of embodiments of the present invention 
will now be described with reference to the drawings, in 
which:- 

Figure 1 is a block diagram of a prior art laser diode 
and controller. Figure 1 A shows a prior art RF choke ar- 
rangement used with some prior art laser diodes. 

Figure 2 depicts a graph of the relationship between 
drive current and optical output power for a laser diode. 

Figure 3 is a block diagram, of a laser diode control- 
ler in accordance with an embodiment of the present in- 
vention. 

Figure 4 depicts the connection of a laser diode and 
its controller to a light meter for calibration of the laser's 
back facet photodiode. 

Figure 5 is a block diagram of a full duplex optical 

link. 

Figure 6 depicts a graph of the aging characteristics 
of a typical laser diode. 

Figure 7 depicts data stored in nonvolatile memory 
in the preferred embodiment of a laser diode controller. 

Figures 8 and 9 are flow charts of the laser diode 
calibration and initialization method of an embodiment 
of the present invention. 

Figure 10 is a flow chart of a method of initializing 
each laser diode in a full duplex optical link. 

Figure 11 depicts the display generated by the user 
interface of the preferred embodiment of a laser diode 
controller. 

Figure 1 2 is a block diagram of a multichannel laser 
diode controller in accordance with an embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 3, there is shown a laser diode 
100 and back facet photodiode 116 which are mounted 
onto a thermoelectric cooler 150. The purpose of the 



thermoelectric cooler 150 is to permit the laser diode 
100 to operate in a constant temperature or temperature 
controlled environment. In addition, there is a tempera- 
ture sensor 1 52 (e.g., a thermocouple) mounted near or 

s adjacent the laser diode 1 00 for measuring the temper- 
ature of the laser diode. 

The operation of the laser diode 100 is controlled 
by a digital controller 160. The central component of the 
digital controller 160 is a microcontroller 162, such as a 

10 68HCII or 68HC05 (both of which are manufactured by 
Motorola). Software for the microcontroller 1 62 is stored 
in a read only memory (ROM) or in an (erasable) elec- 
trically programmable read only memory (E PROM) 1 64, 
including a power on sequence control program 390, 

'5 and a continuously running device monitoring and con- 
trol program 392. Device characteristics of the laser di- 
ode 100, as measured by the controller 160, are stored 
in an nonvolatile memory 166 such as an EE PROM, as 
will be described in more detail below. 

20 A multichannel analog todigital (A/D) converter 1 70 
is used by the microcontroller to monitor the output sig- 
nals generated by the laser's temperature sensor 162, 
the back facet photodiode 116, and an ambient temper- 
ature sensor 1 72. The ambient temperature sensor 1 72 

25 is monitored by the microcontroller 1 60 so that the laser 
diode 1 00 can be shut down when excessive ambient 
temperatures are experienced. Typically, the thermoe- 
lectric cooler 1 50 will not be able to keep the laser diode 
100 at a satisfactory temperature when the ambient 

30 temperature rises above a specified level. By automat- 
ically shutting the laser diode down when an over-tem- 
perature condition is detected, valuable laser diodes 
can be protected from burning out. 

The multichannel A/D converter 170 can also be 

35 used to monitor the stability of the controller's power 
supply 174. Laser diodes are particularly susceptible to 
electronic damage from surge currents or other power 
supply variations. Therefore, in one preferred embodi- 
ment the digital controller 160 is programmed to meas- 

40 ure the power supply 174 for stability before initializing 
the laser diode 100 and to continue to monitor it after 
start up as well. 

A multichannel digital to analog (D/A) converter 1 80 
is used (1 ) to set the bias current of the laser diode 100, 

45 (2) to control the gain of an input signal attenuator 184, 
and (3) to control the thermoelectric cooler 150. In par- 
ticular, the microcontroller 162 generates a digital value 
for the laser diode's bias current, and the D/A converter 
180 converts that into an analog voltage signal. The re- 

so suiting signal is then low passed filtered by an RC filter 
1 76 with a long time constant (on the order of 0. 1 to 0.5 
seconds, depending on the embodiment of the invention 
being used), and the filtered control signal on line 178 
drives the bases of a PNP transistor 182, which in turn 

55 drives the laser diode 100. 

The controller 160 measures the current flowing 
through the laser diode by monitoring the voltage drop 
across a high precision resistor 179, in particular by 
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monitoring the Vcc voltage from the power supply 1 74 
and the voltage at node B on the emitter of transistor 
182. As shown in Figure 3, both of these voltages are 
read by the microcontroller 162 via the A/D converter 
170. The laser diode current is then computed by using 
Ohm's law: current equals the voltage drop across the 
resistor divided by the resistance of the resistor. That 
computed value could then be reduced by the base cur- 
rent, which is a known fraction (1/Beta) of the emitter 
current, but this correction is usually so small that it is 
not necessary. The microcontroller 1 62 computes a run- 
ning average of the laser diode current so as to filter out 
the effects of any current fluctuations caused by input 
signals being transmitted, which modulate the laser di- 
ode's drive current. 

Many laser diode manufacturers and optical link 
builders have found it advantageous to either feed a.c. 
signals to the laser diode through the base of a drive 
tram istor 102, as shown in Figure 1, or to use the RF 
choke arrangement shown in Figure 1A. One supplier 
has actually placed the RF choke shown in Figure 1A 
inside the hermetic laser diode's package so as to min- 
imize the capacitance of the a.c. signal feed line and to 
thereby reduce RF coupling problems (e.g., signal dis- 
tortion). 

It is unexpectedly advantageous to use the collector 
of transistor 1 82 as a high impedance d.c. source for the 
laser diode 100. No RF choke is used. The bipolar tran- 
sistor 1 82 is preferably a transistor with very low collec- 
tor capacitance, typically an n RF u transistor, which will 
create minimal RF bandwidth attenuation of the a.c. in- 
put signal being transmitted. This d.c. power sourcing 
arrangement is believed to generate significantly less 
noise than the best commercially available link using the 
RF choke arrangement. 

Because the "RF" transistor 182 has very fast re- 
sponse as well as low capacitance, it is important to 
have a RC filter 176 which protects the laser diode 100 
from current spikes. In general, it has been found that 
the lifetime of laser diodes is significantly degraded by 
current spikes. As will be described in more detail below, 
the RC filter 1 76 is modified so as to change its RC time 
constant to a value of about 0.01 seconds in full duplex 
link applications so that the d.c. signal level of the link 
can be used to transmit information between a pair of 
laser diode controllers. 

An optical, electronically tunable (i.e., variable) at- 
tenuator 184 controls the amplification or attenuation of 
input signals that are to be optically transmitted by the 
laser diode 100. Thus the control signal from the D/A 
converter 180 on line 186 is essentially an automatic 
gain control signal. The attenuated input signals are a. 
c. coupled to the laser diode's drive line 1 88 by a capac- 
itor 190. 

Input signals are typically high frequency digital or 
analog signals that are generated externally to the laser 
diode controller 160. 

However, in one embodiment of the present inven- 



tion a multiplexer 1 92 is provided on the input signal path 
so that the microcontroller 162 can transmit data over 
the optical link. For this purpose the microcontroller 162 
generates an input selection signal on line 194 for con- 

5 trolling the multiplexer 1 92, and sends data to be trans- 
mitted on line 1 96 to one of the multiplexer's input ports. 
This capability is used in certain embodiments of the in- 
vention in which a pair of full duplex link controllers min- 
imizes the optical power used for transmitting informa- 

10 tion over the optical link, as will be described in more 
detail below. 

The amount of cooling by the thermoelectric cooler 
150 depends on the amount of current running through 
the cooler 150, which is in turn controlled by the micro- 
is controller 1 62 by sending a digital control signal to the 
D/A converter 1 80, which converts the control signal into 
analog form and then transmits the resulting signal on 
line 198 to the cooler 150. 

If a solid state thermoelectric cooler (TEC) 150 is 

20 present, the controller unit must use a feedback signal 
from a thermistor 1 52 or other temperature sensing de- 
vice inside the laser diode's housing (not shown). The 
controller is set up to hold the laser diode at a particular 
temperature over the life of the laser diode. 

25 in general it is difficult to specify an operating tem- 
perature to an analog controller. Moreover, analog con- 
trollers have been known to overdrive and burn out the 
TEC 150 by trying to maintain a set point temperature 
even during conditions in which it is impossible for the 

30 TEC to maintain that temperature. In fact, it has been 
found that TEC failure is a significant failure mechanism 
for packaged laser diodes. 

The digital controller of the preferred embodiment 
of the present invention overcomes the prior art prob- 

35 lems with TEC burnout (1) by specifying the laser diode 
operating temperature such that TEC operation is min- 
imal and only for stabilization rather than for gross con- 
tinual cooling, and/or (2) by specifying, in software, tem- 
perature boundaries for 'normal operation", and curtail- 

40 ing full power operation of the laser diode (i.e., forcing 
the laser diode to operate at lower output power) when 
the operating conditions fall outside the normal opera- 
tion specifications so as to avoid damaging or exces- 
sively aging the laser diode. Furthermore, the drive cur- 

45 rent for the TEC is limited to a predefined maximum val- 
ue at which it is known that the TEC can operate indef- 
initely, thereby preventing TEC burnout. 

An RS232 input/output port 200 couples the micro- 
controller 162 to external devices, such an ASCII termi- 

50 nal or desktop computer 202. The computer 202 can 
read data stored in the EEPROM 166, and can set pa- 
rameters for the controller 160, such as the target tem- 
perature for the laser diode, a target optical output pow- 
er setting, and so on. The RS232 port 200 is also used 

55 during initial calibration of the back facet photodiode 
116, as will be described in more detail below. 

The digital controller often runs a fiber optic data 
link for some type of computer host, and thus the link 
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can be considered to be a subsystem of a host compu- 
ter. The RS232 port can also be used by the host com- 
puter system to communicate with the data link subsys- 
tem. Information such as link status, laser diode aging, 
are passed up to a monitoring software routine running 
in the host computer system. The host computer can 
also command the link to perform various functions such 
as self test, automatic gain control, and so on. 

Finally, a set of front panel LEDs 204 are coupled 
to the microcontroller 162. The LEDs 204 communicate 
the status of the laser diode 1 00 without having to plug 
a computer 202 into the microcontroller's communica- 
tion port 200. In particular, there is a green LED denoting 
normal operation, a yellow LED denoting that the con- 
troller 1 62 is in the process of initializing the laser diode, 
and a red LED denoting that the laser diode has either 
failed or is in need of replacement. 

RECEIVER CHANNEL 

One preferred embodiment of the present invention 
is a controller for a full duplex optical channel, and there- 
fore the controller 160 is also coupled to a receiver chan- 
nel 220 that will be described next. However, it should 
be understood that many features of the present inven- 
tion apply to unidirectional laser channels. 

The receiving channel 220 has an incoming optical 
link 222, which is typically an optical fiber of standard 
construction. The light transmitted by the optical link 222 
is converted into an electric signal by a photodiode 224. 
The resulting signal, which has both d.c. and a.c. com- 
ponents is asserted on line 226. The a.c. component of 
the received signal is separated from the d.c. compo- 
nent by a capacitor 230, and the resulting a.c. signal is 
amplified by a variable gain amplifier 232 before being 
transmitted on line 234 to devices external to the con- 
troller 160 for whatever type of signal processing is re- 
quired. 

The gain of the a.c. signal amplifier 232 is controlled 
by the microprocessor 162 via the D/A converter 180. 
In particular, the gain of the a.c. signal amplifier 232 has 
a nominal standard setting, corresponding to a prede- 
fined digital value set in the microprocessor 162. The 
gain of the amplifier can then be increased if a.c. com- 
ponent of the received signal is observed (using peak 
detector 242, discussed below) to be weaker than nor- 
mal, or decreased if the received signal is stronger than 
normal. 

The d.c. component of the received optical signal is 
monitored by using an operational amplifier 240 to 
measure the d.c. signal level on line 226, and transmit- 
ting the resulting value to the microcontroller 226 via the 
A/D converter 1 70. The magnitude of the output a.c. sig- 
nal on line 232 is monitored by using a peak detector 
242 to measure the magnitude of the a.c. signal. 



AUTOMATIC SELF INITIALIZATION OF LASER 
DIODE, AND INITIAL CALIBRATION OF BACK FACET 
PHOTODIODE. 

s Referring to Figures 3, 4 and 5, there are three pri- 
mary physical situations to be considered when initial- 
izing the laser diode upon powering on the laser diode 
controller. 

The first situation is the one shown in Figure 3, in 

10 which it is not known where the output of the laser diode 
1 00 is being sent. Thus, there is no feedback, other than 
that provided by the back facet photodiode 1 1 6 as to the 
operation of the laser diode 100. This situation requires 
that the controller's control software be provided some 

15 a priori knowledge of the back facet photodiode's char- 
acteristics and its coupling to the laser diode. 

The second situation, shown in Figure 4, is used 
when the controller 1 60 and its laser diode 1 00 are being 
turned on for the first time. In this situation, a light meter 

20 250 is coupled to the output of the front facet of the laser 
diode 100, typically via an optical fiber 11 2. The light me- 
ter is coupled both to the output of the laser diode 100 
and to a computer or work station 202 that is used during 
the laser calibration process. The computer 202, in turn, 

25 is coupled to the communications port 200 of the con- 
troller. 

In the preferred embodiment, the light meter 250 
monitors the optical output of the laser diode 100 until 
the optical output power reaches a specified level, which 

30 js 1 milliwatt in the preferred embodiment. When the 
measured optical output power reaches that level, the 
light meter sends a signal to the computer 202, and the 
computer sends a corresponding message to the con- 
troller's microcontroller via the communications port 

35 200. In this way, the controller 1 60 can determine what 
reading from the laser's back facet photodiode corre- 
sponds to a predefined level of optical output power from 
the front facet. 

The ratio of back facet to front facet optical output 

40 power can vary considerably among laser diodes. How- 
ever, this ratio is constant for any single laser diode, and 
therefore only this one measurement is required for cal- 
ibrating the back facet photodiode of the laser diode, 
providing the photodiode responds linearly to the laser 

45 diode. The measured calibration value, which is the 
back facet photodiode measurement value for 1 milli- 
watt of optical output power on the front facet, is stored 
in the controller's nonvolatile memory 166. From this 
point on, the controller can determine the amount of op- 

50 tical output power being generated by the front facet of 
the photodiode as being: 

Power(front facet) = Power(back facet) / K 

55 

where "Powerffront facet)* is measured in units of milli- 
watts, "Power(back facet)" is measured in terms of the 
current flowing through photodiode 116, digitized by the 
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A/D converter 1 70, and K is the calibration value for the 
back facet of the laser diode which is stored in the non- 
volatile memory 166. 

Some laser diode packages have back facet pho- 
todiodes which do not respond linearly to the laser di- 
ode's optical output. In this case the controller is pro- 
grammed to use a more complex mathematical equa- 
tion to specify the relationship between photodiode 
measurements and the laser diode's output power, such 
as a second or third order polynomial. To determine the 
coefficients of such an equation the relationship be- 
tween back facet photodiode measurement and front 
facet optical output power must be calibrated at several 
points (typically at eight to twelve points) distributed over 
the expected operating range. 

The third situation, shown in Figure 5 depicts a full 
duplex optical link, including two interconnected laser 
diodes 300 and 310. Each laser diode has its own digital 
controller 302, 312, and the optical transmitting port 304, 
314 of each laser diode is coupled to a receiving port 
306, 31 6 of the other laser diode by an optical fiber 308, 
318. 

Control functions for each of these three situations 
will be discussed below with reference to the flow charts 
shown in Figures 8, 9 and 10. 

An important characteristic of laser diodes is that 
these devices age with use, even when the devices are 
not exposed to excessive currents and temperatures, 
and eventually fail. Figure 6 depicts a logarithmically 
scaled graph of the aging characteristics of a typical la- 
ser diode, using drive current measurements taken over 
a period of time at constant operating temperature. As 
shown, the drive current required for generating a con- 
stant level (e.g., one milliwatt) of optical output power 
increases with the age of the laser diode. Typically, there 
will be very little increase in the required drive current 
during the first thousand hours of operation of the laser 
diode, an acceptable level of increase through a few 
tens of thousands of hours of operation, with a large in- 
crease in the required drive current shortly before device 
failure. 

Storing measurement data in the nonvolatile mem- 
ory 166 of the controller 160, as shown in Figure 7, en- 
ables the preferred embodiment of a laser diode con- 
troller to predict failure of the laser diode and to send a 
warning to a host computer, prior to failure of the device, 
that the laser diode needs to be replaced. In particular, 
when the controller finds that drive current required for 
generating a predefined level of optical output power ex- 
ceeds the original level of drive current needed when 
the device was new by a predefined percentage (e.g., 
ten percent), after compensating for any temperature 
differences between the measurements being com- 
pared, failure of the device is imminent and the controller 
162 will generate a warning message. 

As shown in Figure 7, the memory locations in the 
nonvolatile memory 166 are structured and used by the 
microcontroller 162 to store the back facet calibration 



factor for the laser diode 3 (slot 330), device measure- 
ments for the laser diode taken when the laser diode is 
turned on for the first time (slot 332), device measure- 
ments after 10, 100, 1000, and 10,000 hours of opera- 

s tion (slots 334, 336, 338, 340), the number of hours of 
operation of the laser diode (slot 344). Furthermore, de- 
vice measurements are taken by the controller periodi- 
cally during operation of the laser diode (e.g., once eve- 
ry ten hours of operation) and the last of those device 

10 measurements is stored in slot 346 of the nonvolatile 
memory 166. Each set of device measurements com- 
prises the measured threshold current for the laser di- 
ode, the drive current required for one milliwatt of optical 
output power, and the operating temperature of the laser 

15 diode at the time that the measurements were made. 
Also stored in slot 348 of the nonvolatile memory are set 
point values for the laser diode's drive current, operating 
temperature and RF power. 

When the laser diode 1 00 and its controller are ini- 

20 tially manufactured, the EEPROM 166 contains no data. 
Referring to Figures 8 and 9, whenever the laser 
diode controller is powered on, it performs a sequence 
of self initialization steps, under the control of a power 
on sequence program 390, before turning on the laser 

25 diode. During this initialization sequence, a front panel 
LED flashes, indicating that the laser diode is being in- 
itialized. 

The controller checks the stability of the power sup- 
ply 1 74 by measuring the voltage provided by the power 

30 supply, and waits for that value to settle down before 
proceeding any further (step 400). 

If the laser diode is a high performance laser diode 
which includes a thermoelectric cooler (step 402), the 
controller turns on the thermoelectric cooler and waits 

35 until the laser diode's temperature sensor indicates that 
the temperature has stabilized at the specified target 
temperature for the laser diode 404. The controller con- 
tinues thereafter to run a background temperature con- 
trol routine 404 which modulates the TEC's drive current 

40 so as to try to maintain the laser diode at the specified 
temperature. In the preferred embodiment, the temper- 
ature control routine prevents TEC burnout by prevent- 
ing the drive current for the TEC from exceeding a pre- 
defined level at which it is known the TEC can operate 

45 indefinitely without burning out. If the TEC is unable to 
keep the laser diode close to its specified target temper- 
ature, the temperature control routine forces the control- 
ler to reduce the optical output power by a predefined 
percentage, such as twenty-five percent, so as to re- 

so duce the amount of heat generated and so as to prevent 
premature aging of the laser diode. Alternately, the tem- 
perature control routine can simply shut down the laser 
diode subsystem until better operating conditions are re- 
stored. 

55 Next, the microcontroller accesses nonvolatile 
(EEPROM) memory 166 to see whether there is a cali- 
bration value stored in that memory (box 406). If no cal- 
ibration value is stored, that indicates that this is the first 
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time that the laser diode has been turned on, and there- 
fore proceeds with the next step, which is to determine 
whether a light meter is coupled to the output of the laser 
diode (box 408) using a physical connection scenario 
such as the one shown in Figure 4. The presence of a 
light meter is determined by sending a message via the 
communications port 200. If a light meter is in place, the 
computer 202 sends back a corresponding message. 

If a light meter is not connected to the laser diode, 
the power on sequence control program will use a de- 
fault calibration value for the back facet photodiode, and 
the program will skip over the calibration step 410. The 
default calibration value used is an "average" value for 
the type of laser diode and photodiode being used (step 
412). While this is tolerable, in some embodiments of 
the present invention, if the laser diode has not yet been 
calibrated, the power up sequence program for the con- 
troller will prevent operation of the laser diode until a 
light meter is connected so as to enable calibration. 

Calibration (step 410) is performed by slowly in- 
creasing the drive current of the laser diode until the light 
meter signals that the optical output power has reached 
a predefined level such as one milliwatt. Typically, the 
drive current will be started at a low value, such as 10 
milliamps, and then increased at a very slow rate, such 
as 1 milliamp per second, with a limit on the maximum 
drive current, such as 50 milliamps (plus a temperature 
compensation value, if necessary). When the light meter 
signal is received, the drive current is held steady while 
the back facet photodiode current is measured and then 
stored in location 330 of the nonvolatile memory 1 66 as 
the calibration value, thereby establishing the ratio of 
back facet photodiode current to front facet optical out- 
put power. If the back facet photodiode is nonlinear, 
measurements are made at the additional calibration re- 
quired for computing the coefficients of a nonlinear 
equation which defines the relationship between back 
facet photodiode current and front facet optical output 
power. 

Next, the routine for measuring the laser diode's de- 
vice characteristics is called (step 414). That routine is 
shown in Figure 9, and will be discussed below. That 
routine measures the optical output of the laser diode at 
a range of drive currents, and then computes the slope 
efficiency of the laser diode, the threshold current for the 
laser diode, and the operating current for a predefined 
level of optical output power, such as one milliwatt. 

At step 416 the power up sequence routine then 
stores the threshold current for the laser diode, and the 
operating current for the predefined level of optical out- 
put power, as well as the current operating temperature 
in the appropriate location in the EEPROM 166. If this 
is the first time that the laser diode has been turned on 
(as can be determined by inspecting location 332 of the 
EEPROM to see whether it is empty), these values are 
stored in location 332. Otherwise, they are stored in lo- 
cation 346 of the EEPROM. 

Next, at step 418 the device measurements from 



step 414 are compared with a set of predefined device 
failure criteria. For example, in one preferred embodi- 
ment the device failure criterion is that the drive current 
required to generate the predefined optical output level, 

5 after any required temperature compensation has been 
taken into account, be greater than the original drive cur- 
rent required (when the device was new) by ten percent 
or more. If that criterion is met, failure of the device is 
imminent, and therefore the failure LED 204 on the front 

io panel of the controller is enabled, and a failure prediction 
message is transmitted via the controller's output port 
200. 

Assuming that the laser diode has not failed, the 
drive current of the laser diode is increased by the con- 
's troller to the level required for normal operation, which 
is typically specified as a particular d.c. optical output 
power level (step 420). The drive current required is 
computed from the threshold current and the slope effi- 
ciency of the laser diode, both of which were previously 

20 determined during step 414. Furthermore, the output 
power is checked, by measuring the current generated 
by the back facet photodiode and scaling that measure- 
ment by the calibration value for the laser diode, and 
adjusted if necessary by adjusting the drive current. 

25 Then the "normal operation" LED on the front panel of 
the controller is enabled, and a "ready to transmit" mes- 
sage is sent to the host computer 202 via the commu- 
nications port. The "ready to transmit" message indi- 
cates to the host computer that the optical link coupled 

30 to the laser diode is ready for normal operation. 

After the laser diode begins normal operation, steps 
414 through 418 are repeated periodically (step 422), 
such as once every ten hours of operation, so that the 
controller can monitor the operability of the laser diode. 

35 The data from these periodic maintenance checks are 
stored in the appropriate locations in the EEPROM 216, 
wtiich also allows this maintenance data to be retrieved 
and analyzed by the host computer 202. 

Referring to Figure 9, the routine for measuring the 

40 device characteristics of the laser diode (called by step 
41 4 of the program shown in Figure 8) starts at step 440, 
which measures the slope of the laser diode's optical 
output power in the LED mode. To do this, the drive cur- 
rent of the laser diode is slowly increased from an initial 

45 low value, such as 5 milliamps, measuring the optical 
output power at each 1 milliamp interval, and computing 
the slope of the optical output power. The optical output 
power is measured using the back facet photodiode, as 
described above. This sequence continues until the 

50 slope of the optical output power begins to increase, in- 
dicating that the laser diode is entering lasing mode. 

At step 442, the drive current for the laser diode con- 
tinues to be slowly incremented in small steps, measur- 
ing the slope of the optical output power until four or 

55 more points are measured which produce a consistent 
slope, thereby indicating that the laser diode is lasing. 
This slope is the slope efficiency for the laser diode at 
the current operating temperature. 
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Next, at step 444, the threshold value for the laser 
diode is determined by finding the intersection of the op- 
tical output power lines for LED mode and for lasing 
mode, as measured by steps 440 and 442. Furthermore, 
the slope efficiency of the laser diode in lasing mode is s 
used to compute the operating current required for gen- 
erating a predefined level of optical output power, such 
as one milliwatt. 

Additional quality assurance checks can be per- 
formed using the controller, such as for checking a batch 
of laser diode that were not thoroughly checked by the 
manufacturer. Typically, these additional quality assur- 
ance checks will be performed only the first time that the 
laser diode is turned on. 

If further quality assurance checking is enabled 
(step 446), the routine will first check that all the param- 
eters previously measured are within predefined normal 
operating limits (step 448). If not, a "device failure' mes- 
sage is sent to the host computer 202, and the device 
failure LED on the controller's front panel is enabled 
(step 450). 

If the first quality assurance check is passed (step 
446), the routine next checks the linearity of the laser 
diode. This is done by stepping the laser diode through 
a number of drive current values, covering the entire 
normal operating range of the laser diode, such as the 
drive currents required for generating optical output 
power levels ranging from 0.5 milliwatt to 4.0 milliwatts, 
using the previously measured slope efficiency value 
(step 452). The optical output power at each drive cur- 
rent is measured, using the back facet photodiode, and 
then these measurements are checked to see if they all 
fall along a line (step 454). Linearity is checked by per- 
forming a least squares fit on the measurement data to 
determine the position of the line which best fits the 
measurement data, and then finding the distance of 
each measurement point from that line. If the distances 
of the points from the line exceed a predefined value, 
particularly at the highest normal output powers, this is 
an indication that the diode may be damaged (e.g., dark 
line defects), and a device failure message is sent to the 
host computer 202 (step 450). If the laser diode meas- 
urements show that the laser diode passes the linearity 
test of step 454, a "device okay" message is sent to the 
host computer. 

Note that when the characteristics of the laser diode 
are being rechecked pursuant to step 422 of Figure 8, 
step 440 is omitted because the LED phase of the laser 
does not change significantly over the life of the laser 
diode. Furthermore, in the preferred embodiment the d. 

c. drive current is tested only over a small range so as 
not to interfere with the transmission of data over the 
optical link. This range of test points need only vary the 

d. c. drive current by a small amount, such as ten percent 
of the previously selected bias point, so as to enable the 
controller to recompute the slope efficiency of the laser 
diode and the threshold value of the laser diode by find- 
ing the intersection of the lasing mode characteristic 



with that of the previously measured LED phase char- 
acteristic curve (see Figure 2). In an alternate embodi- 
ment, just before performing the periodic self tests, the 
controller sends a message to the host computer 202 
via the RS232 port 200 telling it to stop data transmis- 
sions until the self test is completed. 

FULL DUPLEX LINK INITIALIZATION. 

The power up sequence is somewhat different for 
full duplex optical links (see full duplex link in Figure 5). 
In particular, step 420 in Figure 8, at which point the drive 
current is increased to initiate normal operation of the 
laser diode, is replaced for full duplex links by the se- 
quence of steps shown in Figure 10. 

Laser diodes emit very bright and coherent radiant 
energy that is normally invisible to the human eye. This 
energy could cause harm to human eyes if the output of 
the laser diode is misdirected. In the context of a full 
duplex link, it is possible to use an embodiment of the 
digital controller to insure that the link is intact before 
the controller enables normal operation of the laser di- 
ode. 

In particular, after the initial device measurements 
are performed, and after step 418 in Figure 8 has been 
performed, the power up sequence control program for 
full duplex links switches to step 470 in Figure 10. At 
step 470, the drive current for the laser diode is initially 
set so as to output much less power than during normal 
operation, such as ten percent of normal power (e.g., 
0.20 milliwatts instead of 2.0 milliwatts). This initial out- 
put level is selected so as to be sufficient for the two 
controllers 302 and 31 2 shown in Figure 5 to test the 
integrity of the full duplex link. Note that such links can 
be designed to have a predictable and often very low 
amount optical loss (i.e., a low loss of power caused by 
the transmission of the generated light through optical 
fiber 308 or 31 8) even for links which are up to a couple 
of kilometers in length. Furthermore, note that both con- 
trollers 302 and 312 in Figure 5 will be executing the 
same power up sequencing routine, and therefore the 
steps shown in Figure 10 are executed more or less in 
parallel in the two controllers. 

After turning on the laser diode at a low optical out- 
put level, the controller measures the d.c. component of 
the optical power received at its receiver port 306 (step 
472). If the link is intact, and the other laser diode has 
been powered on, the received optical power will be suf- 
ficient to indicate that the link is intact (step 474). If the 
required level of optical power is not being received, this 
means that either the link is not intact, or the other laser 
diode has not been turned on. In either case, the routine 
waits for a short period of time (step 476), and then re- 
peats steps 472 and 474 until the presence of an intact 
optical link is established. 

Once the presence of an intact link has been estab- 
lished, the drive current for the laser diode is increased 
to the level required for normal operation (step 478). 
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Then, after a short wait (step 480), the controller once 
again measures the d.c. component of the optical power 
received at its receiver port 306 (step 482). Since link 
operation assumes both devices are working, if each re- 
ceiver does not sense full power operation in a reason- s 
able period of time (typically less than one hundred mil- 
liseconds) then the system resets to step 470 and the 
start up procedure for the link begins again. 

In an alternate embodiment, the full duplex link is 
brought up by first transmitting at five percent of full pow- 
er on the outgoing link until light above a threshold level 
is received on the incoming link, at which point the trans- 
mitted optical power is increased to a slightly higher lev- 
el which is still much less than full power, such as ten 
percent of full power. When, and if, the intensity of light 
received on the incoming link increases by a similar 
amount, then the integrity of the outgoing link has been 
established and the outgoing link is brought to full power 
and data transmission is enabled. This alternate meth- 
odology avoids transmission at full power until such time 
that the integrity of both branches of the full duplex link 
has been fully established. 

The controller also computes the ratio of a prede- 
fined "ideal" received optical power level to the actual 
received d.c. optical power level. Note that the useful 
life of a laser diode can be approximately doubled by 
halving the optical output power used during normal op- 
eration. Therefore the "ideal" received optical power will 
typically be a relatively low power level, such as 0.75 
milliwatts. In any case, the computed ratio is then trans- 
mitted by the controller over the optical link. The purpose 
of the transmitted message is to notify the controller on 
the other end of the link as to how it should modify the 
optical output power of its laser diode. In most situations, 
this will enable the controller to use a significantly lower 
optical output power than would be required in a system 
without this capability, thereby significantly extending 
the lifetime of the laser diodes being used. The reason 
that the output power will be lower than would otherwise 
be required is that systems without this power adjust- 
ment feature need to be able to handle "worst case" sit- 
uations. Therefore such systems must generate suffi- 
cient optical output power to make an link operational in 
a wide variety of environments, even though most links 
will not actually need to use such a high optical output 
level in order to function properly. 

In one preferred embodiment, this transmission is 
performed by modulating the d.c. level of the laser diode 
(i.e., modulating the signal on line 178 shown in Figure 
3), using a relatively slow data transmission rate, such 
as ten or twenty bits per second. Since the entire mes- 
sage needed is only about sixteen bits long (e.g., five 
synchronization bits, plus an eight bit ratio value, plus a 
three bit error correction code), this process will only 
take one or two seconds, even at such slow data rates. 
The reason that data transmission is so slow is due to 
the need to protect the laser diode from sudden current 
fluctuations through the use of an RC circuit 176 having 



a relatively long time constant, as explained above. 

In other embodiments, the transmission is per- 
formed by sending data through multiplexer 192. This 
allows data transmission at much higher rates, such as 
100 kilobits per second. However, in these embodi- 
ments the controller must have a data receiver circuit 
(not shown in the Figures) in the receiver channel for 
receiving such messages, which significantly increases 
the cost of the controller. 

In the preferred embodiment, the transmitted ratio 
value is 100 if no adjustment in power is required. Values 
above 100 indicate that the output power should be in- 
creased by X percent, where X is the transmitted value 
divided by 100. Values below 100 indicate that the out- 
put power should be decreased, where the ideal output 
power is the current output power multiplied by X and 
then divided by 100. 

In any case, at about the same time that the con- 
troller is transmitting its power ratio message over the 
link, the other controller at the other end of the link is 
doing the same thing. Therefore, the controller will re- 
ceive a corresponding message with an output power 
ratio value from the other laser diode controller at the 
other end of the link (step 484). Then the controller ad- 
justs its output power in accordance with the received 
power ratio value X, as follows: 

New Power Level = (Old Power Level) * X/100. 

In addition, the gain of the controller's transmission 
data attenuator 184 will be adjusted in a similar fashion 
so that the depth of modulation caused by data trans- 
mission remains at approximately the same as before. 

At this point, both controllers at both ends of the link 
will enable data transmission over the link (step 486). 

Finally, the controller monitors the peak-to-peak 
amplitude of the a.c. portion of the received optical sig- 
nal, waiting for the receipt of modulated optical signals. 
Once data transmission begins, the controller measures 
the amplitude of the a.c. portion of the received optical 
signal, and adjusts the gain of the amplifier 232 in the 
receiver channel, if necessary, so as to ensure reliable 
data transmission (step 488). 

With regard to the security of data transmitted over 
optical links, it has been established that it is a relatively 
easy matter to tap into an optical link by bending an op- 
tical fiber, causing a portion of the optical energy in the 
fiber to be transmitted and "lost" through the fiber's clad- 
ding. The light exiting the fiber at the location of the bend 
can be read using standard optical and electro-optical 
components, thereby compromising the security of the 
transmitted data. Once the integrity of an optical link has 
been established, an embodiment of the controller can 
be programmed to detect decreases in the received op- 
tical power. For example the controller can be pro- 
grammed to detect any decrease of more than five per- 
cent, as compared to the previuusly established level of 
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received d.c. power, and to transmit a message to a host 
computer whenever such a fluctuation is detected. Such 
a message will notify the system monitor that the secu- 
rity of the optical link may have been compromised. 

USER INTERFACE. 

Referring to Figures 3 and 11 , the controller's soft- 
ware includes a user interface routine 392 which allows 
the user to access status information in the controller 
via a host computer 202, to view the data stored in the 
controller's nonvolatile memory 166, and to set and/or 
reset various parameters such as the optical output 
power (i.e., the number of milliwatts of optical output 
power to be produced by the laser), the target temper- 
ature for the laser diode if it is coupled to a thermoelec- 
tric cooler, and the attenuator setting for controlling the 
RF power of the signals being transmitted. 

Figure 11 shows the display generated by the user 
interface routine 392 on the display of the host compu- 
ter, and also shows the commands used to modify the 
laser diode's parameters. The displayed "XX.X" values 
are measurements calculated by converting count val- 
ues for the A/D and O/A converters. The displayed 
"ZZZZ" values are raw A/D converter values, and the 
displayed "YYYY" values are raw D/A converter values. 
The displayed "SS.S" values are specified set point val- 
ues in units of milliwatts for the optical output power and 
RF transmission power, and in units degrees Centigrade 
for temperature. 

The display items in the boxed area are optionally 
displayed items that are viewed if the keyboard com- 
mand <CNTRL>D is entered. The four parameters 
shown in this boxed area can be modified by selecting 
"Manual Control" from the Main Menu on the bottom half 
of the display and then adjusting the displayed values 
up or down using the commands shown in Figure 11. 

The three set point values shown in the display can 
be modified by selecting "Set Point Control" from the 
Main Menu, when enables the user to adjust the set 
points up or down using the commands shown in the 
Figure. 

The Debug command on the Main Menu brings up 
a new display, not shown, which lists the supply voltages 
in the device, the data stored in the EEPROM, and also 
allows the user to view all the initialization data for the 
laser diode. Thus the Debug command is primarily in- 
tended for use by the manufacturer when first testing 
new laser diodes and when performing post mortems 
on laser diodes that have either failed initial tests or 
which have aged or otherwise become nonfunctioning. 

ALTERNATE EMBODIMENTS 

It is important to note that the back facets of some 
laser diodes are coated with a reflective material, such 
as aluminum, making the back facet unavailable for 
monitoring the optical output power of the device. In 



such laser diodes, the front facet is tapped so as to divert 
a portion of the laser diode's power to a monitoring pho- 
todiode. Typically a beam splitter is coupled to or placed 
near the front facet with a photodiode positioned to re- 
5 ceive the diverted portion of the laser diode's optical out- 
put. This laser diode/photodiode configuration is func- 
tionally equivalent to the apparatus in the preferred em- 
bodiment, and thus the more general term for the "back 
facet photodiode" is "a photodiode for monitoring the la- 
10 ser diode's optical output power". 

Referring to Figure 1 2, another link configuration 
which is envisioned by the inventor is using a single dig- 
ital controller to control the operating point and other op- 
erating parameters of multiple laser diodes. For exam- 
's pie, four laser diodes may be used in the link between 
a computer and a color monitor, with distinct optical 
channels being used for red, green, blue and synchro- 
nization signals. A single controller can be used for mul- 
tiple laser diodes because it takes very little time to ex- 
20 ecute the software required for setting up and monitor- 
ing each laser diode, and because the quantity of data 
required to be stored for each laser diode in nonvolatile 
memory is typically much, much less than the amount 
of such memory which is available in either a single 
25 EEPROM device or even in an EEPROM embedded in 
a microcontroller. 



Claims 

30 

1 . A controller for a laser diode, comprising: 

an optical power sensor (116) which receives a 
portion of the light emitted from a laser diode 

35 (1 00) and generates an optical power measure- 

ment signal corresponding to the optical power 
of the light received by said power sensor (1 1 6); 
a drive current circuit (176,179,182), coupled 
to said laser diode, which applies a specified 

40 level of drive current through said laser diode 

(100); and 

a digital data processor (162), coupled to said 
optical power sensor (116) and to said drive 
current circuit (176,179,182), which sets said 

45 specified level of drive current applied to said 

laser diode (1 00) and receives said optical pow- 
er measurement signal from said optical power 
sensor (116); said digital data processor (162) 
including means for stepping said drive current 

so through a sequence of values, computing op- 

erating characteristics of said laser diode (100) 
based on received optical power measurement 
signals for each drive current value, and select- 
ing a drive current level for said laser diode 

55 (100) based on said received optical power 

measurement signals; 

characterised by: 
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a nonvolatile memory (1 66) coupled to said dig- 
ital data processor (162), 
said digital data processor (162) including 
means for storing data in said nonvolatile mem- 
ory (166), said stored data denoting at least one 
calibration coefficient for said optical power 
sensor (116), initialization values, and said 
computed operating characteristics of said la- 
ser diode (100), wherein said at least one cali- 
bration coefficient is generated and stored by 
said digital data processor (162) based on said 
optical power measurement signal received 
from said optical power sensor (116) and a sig- 
nal received by said digital data processor 
(162) from a light metering device (250) exter- 
nal to said controller and arranged to detect the 
optical output power from the front facet of said 
laser diode (1 00) while said drive current circuit 
(176,179,182) applies current to said laser di- 
ode (100); 

said digital data processor (162) including 
means for using said stored data to set said 
drive current level for said laser diode (100) 
each time that said controller is turned on; and 
a communication port (200) for transmitting in- 
formation, including said data stored in said 
nonvolatile memory (166), to a host computer 
(202) and for receiving instructions from said 
host computer (202). 

2. The laser diode controller of claim 1 , wherein said 
digital data processor (162) further includes means 
for detecting aging of said laser diode (100), com- 
prising means for storing data denoting said com- 
puted operating characteristics of said laser diode 
(100) in said nonvolatile memory (166), means for 
periodically checking the operability of said laser di- 
ode (100) by stepping said drive current through a 
sequence of values, means for computing a set of 
operating characteristics of said laser diode (100) 
based on received optical power signals for each 
drive current value, and means for generating an 
error signal when said computed set of operating 
characteristics fail to meet predefined criteria with 
respect to said operating characteristics stored in 
said nonvolatile memory (166). 

3. The laser diode controller of claim 1 or 2, wherein 
said digital data processor (1 62) includes means for 
testing said laser diode (100) for linearity based on 
said received optical power measurement signals, 
wherein linearity comprises a consistent rate of in- 
crease in optical power with increases in drive cur- 
rent, and means to generate an error signal when 
said laser diode (100) fails to meet predefined line- 
arity criteria. 

4. The laser diode controller of claim 1 or 2, wherein 



said digital data processor (162) further includes 
means for performing quality assurance tests on 
said laser diode (100), comprising means to com- 
pare said computed operating characteristics of 
5 said laser diode (100) with predefined criteria and 
to generate an error signal when said computed op- 
erating characteristics fail to meet said predefined 
criteria. 

10 5. The laser diode controller of any preceding claim, 
further including a receiver channel (220), for re- 
ceiving light generated by a second laser diode 
(31 0), said two laser diodes (300,310) forming a full 
duplex optical link; 

15 

monitoring means (240), coupling said receiver 
channel (220) to said digital data processor 
(162), for generating a received power signal 
corresponding to the d.c. optical power of said 
20 received light from said second laser diode 

(310); 

said digital data processor (162) including 
means for receiving said received power signal; 
and means (A) for comparing said received 

25 power signal with predefined criteria and to 

thereby determine whether a full duplex optical 
link has been established between said two la- 
ser diodes (300,310); (B) setting said drive cur- 
rent level for said laser diode (300) at a first lev- 

30 el prior to determining that a full duplex link has 

been established; and (C) setting said drive 
current level for said laser diode (300) at a sec- 
ond level after determining that a full duplex link 
has been established; 

35 wherein said second drive current level causes 

said laser diode (300) to generate at least twice 
as much optical output power as said first drive 
current level. 

40 6. The laser diode controller of claim 5, wherein said 
digital data processor (162) includes means for 
monitoring said received power signal so as to de- 
tect a breach of said full duplex link and to reset said 
drive current level back to first level after detecting 

45 said breach. 

7. The laser diode controller of claim 5, wherein said 
digital data processor (162) includes means for de- 
tecting decreases of at least a preselected magni- 

50 tude in said received power signal, and to generate 
a warning signal whenever such a decrease is de- 
tected; whereby said digital data processor (162) 
can detect an attempt to eavesdrop on data trans- 
mitted via said full duplex optical link. 

55 

8. The laser diode controller of any preceding claim, 
wherein said drive current circuit (176,179,182) 
comprises: 
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a bipolar transistor (1 82) having an emitter cou- 
pled to a power source (174), a base coupled 
to said digital data processor (162), and a col- 
lector directly connected to said laser diode 
(100); and 5 
a capacitor (190), connected to said collector, 
which a.c. couples said collector to an input sig- 
nal line, said input signal line carrying high fre- 
quency signals to be optically transmitted by 
said laser diode (100). 10 

9. Multichannel laser diode apparatus, comprising: 

a plurality of laser diodes (100); 
a separate optical power sensor (116) posi- is 
tioned near each of said laser diodes (100) so 
as to receive a portion of the light emitted from 
said laser diode (100), said optical power sen- 
sor (116) generating an optical power measure- 
ment signal corresponding to the optical power 20 
of the light received by said power sensor (116); 
a separate drive current circuit (176,179,182) 
coupled to each said laser diode (100), each 
said drive current applying a separately speci- 
fied level of drive current through a correspond- 25 
ing one of said laser diodes (100); and 
a single digital data processor (162), coupled 
to all of said optical power sensors (1 1 6) and to 
all of said drive current circuits (176,179,182), 
which sets said specified drive current levels 30 
applied to said laser diodes (1 00) and which re- 
ceives said optical power measurement signals 
from said optical power sensors (1 1 6); said dig- 
ital data processor (162) including means for 
stepping said drive current for each laser diode 35 
(100) through a sequence of values, to com- 
pute operating characteristics of each said la- 
ser diode (1 00) based on received optical pow- 
er measurement signals for each drive current 
value, and to select a drive current level for 40 
each said laser diode (100) based on said re- 
ceived optical power measurement signals; 

characterised by: 

45 

a nonvolatile memory (1 66) coupled to said dig- 
ital data processor (162), said digital data proc- 
essor (162) including means for storing data in 
said nonvolatile memory (166), said stored data 
denoting at least one calibration coefficient for so 
each said optical power sensor (116), initializa- 
tion values, and said computed operating char- 
acteristics of each said laser diode (100), 
wherein said calibration coefficients are gener- 
ated and stored by said digital data processor ss 
(162) based on said optical power measure- 
ment signals received from said optical power 
sensors (116) and a signal received by said dig- 



ital data processor (162) from a light metering 
device (250) external to said apparatus and ar- 
ranged to detect the optical output power from 
the front facet of said laser diode (100) while 
said drive current circuit ( 1 76, 1 79, 1 82) applies 
current to said laser diode (100); 
said digital data processor (162) including 
means for using said stored data to set said 
drive current levels for said laser diodes (100) 
each time that said apparatus is turned on; and 
a communication port (200) for transmitting in- 
formation, including said data stored in said 
nonvolatile memory (166), to a host computer 
(202) and for receiving instructions from said 
host computer (202). 

10. The multichannel laser diode apparatus of claim 9, 
wherein said digital data processor (1 62) further in- 
cludes means for detecting aging of each said laser 
diode (100) comprising means for storing data de- 
noting said computed operating characteristics of 
said laser diode (100) in said nonvolatile memory 
(1 66), means for periodically checking the operabil- 
ity of said laser diode (100) by stepping said drive 
current through a sequence of values, means for 
computing a set of operating characteristics of said 
laser diode (100) based on received optical power 
signals for each drive current value, and means for 
generating an error signal when said computed set 
of operating characteristics fail to meet predefined 
criteria with respect to said operating characteris- 
tics stored in said nonvolatile memory (166). 

11. The multichannel laser diode apparatus of claim 9 
or 10, wherein said digital data processor (162) in- 
cludes means for testing said laser diode for linear- 
ity based on said received optical power measure- 
ment signals, wherein linearity comprises a consist- 
ent rate of increase in optical power with increases 
in drive current, and means to generate an error sig- 
nal when each said laser diode (100) fails to meet 
predefined linearity criteria. 

12. The multichannel laser diode apparatus of claim 
9,10, or 11, further including a receiver channel 
(220) for each said laser diode (100) for receiving 
light generated by a respective second laser diode 
(310) corresponding to each of said plurality of laser 
diodes (100), each of said laser diodes (100,300) 
and said respective second laser diode (31 0) form- 
ing a full duplex optical link; 

monitoring means (240), coupling each of said 
receiver channels (220) to said digital data 
processor (1 62), for generating received power 
signals corresponding to the d.c. optical power 
of said received light from said respective sec- 
ond laser diodes (310); 
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said digital data processor (162) including 
means for receiving said received power sig- 
nals and means for (A) comparing said re- 
ceived power signals with predefined criteria 
and to thereby determine whether each said full 
duplex optical link has been established; (B) 
setting said drive current level for each said la- 
ser diode (100,300) at a first level prior to de- 
termining that a full duplex link has been estab- 
lished; and (C) setting said drive current level 
for each said laser diode (1 00,300) at a second 
level after determining that a full duplex link has 
been established; 

wherein said second drive current level causes 
each said laser diode (100,300) to generate at 
least twice as much optical output power as 
said first drive current level. 

13. The multichannel laser diode apparatus of claim 12, 
wherein said digital data processor (162) includes 
means for monitoring said received power signals 
so as to detect a breach of each said full duplex link 
and to reset said drive current level back to said first 
level after detecting said breach. 

14. The multichannel laser diode apparatus of any one 
of claims 9 to 13, wherein each said driver current 
circuit (176,179,182) comprises: 

a bipolar transistor (1 82) having an emitter cou- 
pled to a power source (1 74), a base coupled 
to said digital data processor (162), and a col- 
lector directly connected to said laser diode 
(100); and 

a capacitor (1 90), connected to said collector, 
which a.c. couples said collector to an input sig- 
nal line, said input signal line carrying high fre- 
quency signals to be optically transmitted by 
said laser diode (100). 

15. A method of controlling a laser diode, the steps of 
the method comprising: 

applying a drive current to a laser diode (100) 
so as to generate light; 

measuring said generated light's optical power 
with an optical power sensor (116); 
under control of a digital data processor (162), 
when said laser diode (100) is powered on for 
a first time, automatically stepping said drive 
current through a sequence of values, receiving 
an optical power measurement for each drive 
current value from said optical power sensor, 
computing operating characteristics of said la- 
ser diode (100) based on said received optical 
power measurement for each drive current val- 
ue, storing in a nonvolatile memory (166) data 
denoting at least one calibration coefficient for 



said optical power sensor (116), initialization 
values, and said computed operating charac- 
teristics of said laser diode (100), wherein said 
calibration coefficient is generated and stored 
5 by said digital data processor (162) based on 

said optical power measurements received 
from said optical power sensor (116) and a sig- 
nal received by said digital data processor 
(162) from a light metering device (250) exter- 
na nal to said controller and arranged to detect the 
optical output power from the front facet of said 
laser diode (100) while drive current is applied 
to said laser diode (100); 
under control of said digital data processor 
15 (162), each time said laser diode (100) is pow- 
ered on, selecting a drive current level for said 
laser diode (1 00) based on optical power meas- 
urements received from said optical power sen- 
sor (116) and said at least one calibration coef- 
20 ficient stored in said nonvolatile memory (1 66); 

transmitting information, including said data 
stored in said nonvolatile memory (166), to a 
host computer (202) and receiving instructions 
from said host computer 

25 

16. The method of controlling a laser diode set forth in 
claim 1 5, further including the steps of detecting ag- 
ing of said laser diode (100) by (A) storing data de- 
noting said computed operating characteristics of 

30 said laser diode (100) in said nonvolatile memory 
(166), and (B) periodically checking the operability 
of said laser diode (100) by stepping said drive cur- 
rent through a sequence of values, computing a set 
of operating characteristics of said laser diode (1 00) 
35 based on received optical power signals for each 
drive current value, and generating an error signal 
when said computed set of operating characteris- 
tics fail to meet predefined criteria with respect to 
said operating characteristics stored in said nonvol- 
40 atile memory (166). 

17. The method of controlling a laser diode set forth in 
claim 15 or 16, further including the steps of 

45 comparing said computed operating character- 

istics of said laser diode (100) with predefined 
criteria; and 

generating an error signal when said computed 
operating characteristics fail to meet said pre- 
so defined criteria. 

18. The method of controlling a laser diode set forth in 
claim 15 or 16, further including the steps of 

testing said laser diode (100) for linearity 
55 based on said received optical power measure- 
ments, wherein linearity comprises a consistent 
rate of increase in optical power with increases in 
drive current, and generating an error signal when 
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said laser diode (100) fails to meet predefined line- 
arity criteria. 

19. The method of controlling a laser diode set forth in 
claim 1 5, 1 6, 1 7 or 1 8, further including the steps of s 



under the control of said digital data processor 
(162), receiving said d.c. optical power measure- 
ment for said second laser diode (310), comparing 
said d.c. optical power measurement with prede- 
fined criteria and thereby determining whether a full 
duplex optical link has been established between 
said two laser diodes, setting said drive current level 
for said laser diode (100, 300) at a first level prior 
to determining that a full duplex link has been es- 
tablished, setting said drive current level for said la- 
ser diode (100, 300) at a second level after deter- 
mining that a full duplex link has been established; 

wherein said second drive current level is 
higher than said first drive current level. 

20. The method of controlling a laser diode as set forth 
in claim 19, further including the steps of 

monitoring said d.c. optical power measure- 
ment so as to detect a breach of said full duplex link, 
and resetting said drive current level back to said 
first level after detecting said breach. 

21. The method of controlling a laser diode set forth in 
claim 19, further including the steps of 

detecting decreases of at least a preselected 
magnitude in said d.c. optical power measurement, 
and generating warning signal whenever such a de- 
crease is detected; whereby attempts to eavesdrop 
on data transmitted via said full duplex optical link 
are detected. 



Patentanspruche 

1. Steuervorrichtung fur eine Laserdiode, mit 

einem Lichtleistungsensor (116), der einen Teil 
des von einer Laserdiode (100) emittierten 
Lichts empfangt und ein LichtleistungsmeBsi- 
gnal erzeugt, das der Lichtleistung des vom 
Leistungssensor (116) empfangenen Lichts 
entspricht; 

einer mit der Laserdiode verbundenen Treiber- 
stromschaltung(176, 179, 182), durch die Trei- 
berstrom eines vorbestimmten Pegels an die 



Laserdiode (100) angelegt wird; und 
einem mit dem Lichtleistungssensor (116) und 
derTreiberstromschaltung (176, 179, 182) ver- 
bundenen digitalen Datenprozessor (162), der 
den vorbestimmten Pegel des an die Laserdi- 
ode (100) angelegten Treiberstroms bestimmt 
und das LichtleistungsmeBsignal vom Lichtlei- 
stungssensor (116) empfangt; wobei der digi- 
tale Datenprozessor (162) eine Einrichtung 
zum schrittweisen Verstellen des Treiber- 
stroms durch eine Abfolge von Werten zum Be- 
rechnen von Betriebswerten der Laserdiode 
(100) fur jeden Treiberstromwert aufgrund 
empfangener LichtleistungsmeBsignale und 
zum Auswahlen eines Treiberstrompegels fur 
die Laserdiode (100) aufgrund der empfange- 
nen LichtleistungsmeBsignale aufweist; 

gekennzeichnet 

durch einen mit dem digitialen Datenprozes- 
sor (162) verbundenen nichtfluchtigen Speicher 
(166), 

dadurch, daB der digitate Datenprozessor 
(1 62) eine Einrichtung zum Speichern von Daten im 
nichtfluchtigen Speicher (166) aufweist, wobei die 
gespeicherten Daten mindestens einen Kalibrie- 
rungskoeffizienten fur den Lichtleistungssensor 
(1 1 6), I nitialisierungswerte und die berechneten Be- 
triebswerte der Laserdiode (100) festlegen, wobei 
der mindestens eine Kalibrierungskoeffizient vom 
digitalen Datenprozessor (1 62) erzeugt und gespei- 
chert wird, was aufgrund des vom Lichtleistungs- 
sensor (116) empfangenen LichtleistungsmeBsi- 
gnals und aufgrund eines Signals geschieht, das 
vom digitalen Datenprozessor (162) empfangen 
wird und von einer LichtmeBvorrichtung (250) 
kommt, die auBerhalb der Steuervorrichtung liegt 
und so angeordnet ist, daB sie die Lichtausgangs- 
leistung an der vorderen Flache der Laserdiode 
(100) miBt, wahrend die Treiberstromschaltung 
(176, 179, 182) Strom an die Laserdiode (100) an- 
legt; 

dadurch, daB der digitale Datenprozessor 
(162) eine Einrichtung aufweist, die die gespeicher- 
ten Daten jedes Mai, wenn die Steuervorrichtung 
eingeschaltet wird, zum Einstellen eines Treiber- 
strompegels fur die Laserdiode (100) verwendet; 
und 

durch einen KommunikationsanschluB (200) 
zum Senden von Information, einschlieBlich der in 
dem nichtfluchtigen Speicher (166) gespeicherten 
Daten, an einen Host-Computer (202) und zum 
Empfangen von Befehlen vom Host-Computer 
(202). 

2. Laserdiodensteuervorrichtung nach Anspruch 1, 
bei der der digitale Datenprozessor (162) weiterdie 
folgenden Elemente aufweist: eine Einrichtung zum 



providing a receiver channel (220) which re- 
ceives light generated by a second laser diode 
(310), said two laser diodes (300,310) forming 
a full duplex optical link; 10 
measuring the d.c. optical power of said re- 
ceived light from said second laser diode (310); 
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Erfassen des Alterns der Laserdiode (100) mit einer 
Einrichtung zum Speichern von die berechneten 
Betriebswerte der Laserdiode (100) festlegenden 
Daten im nichtfluchtigen Speicher (166), eine Ein- 
richtung zum periodischen Uberprufen der Be- s 
triebsbereitschaft der Laserdiode (100), indem der 
Treiberstrom eine abgestufte Abfolge von Werten 
annimmt, eine Einrichtung zum Berechnen eines 
Satzes von Betriebswerten der Laserdiode (100) 
aufgrund empfangener Lichtleistungssignale fur je- io 
den Treiberstromwert, und eine Einrichtung zum Er- 
zeugen eines Fehlersignals, wenn der berechnete 
Satz von Betriebswerten vorbestimmte Kriterien 
bezuglich der im nichtfluchtigen Speicher (166) ge- 
speicherten Betriebswerte nicht erfullt. is 

3. Laserdiodensteuervorrichtung nach Anspruch 1 
oder 2, bei der der digitale Datenprozessor (162) 
eine Einrichtung zum Uberprufen der Linearitat der 
Laserdiode (100) aufgrund der empfangenen Licht- 20 
leistungsmeftsignale, wobei die Linearitat darin be- 
steht, daft die Lichtleistung mit einer Zunahme des 
Treiberstroms gleichmaftig zunimmt, und eine Ein- 
richtung zum Erzeugen eines Fehlersignals, wenn 

die Laserdiode (1 00) vorbestimmte Linearitatskrite- 25 
rien nicht erfullt, aufweist. 

4. Laserdiodensteuervorrichtung nach Anspruch 1 
oder 2, bei der der digitale Datenprozessor (162) 
weiter eine Einrichtung zum Durchfuhren von Qua- 30 
litatssicherungstests an der Laserdiode (100) auf- 
weist, mit einer Einrichtung zum Vergleichen der 
berechneten Betriebswerte der Laserdiode (100) 

mit vorbestimmten Kriterien und zum Erzeugen ei- 
nes Fehlersignals, wenn die berechneten Betriebs- 35 
werte die vorbestimmten Kriterien nicht erfOllen. 

5. Laserdiodensteuervorrichtung nach einem der vor- 
hergehenden Anspruche, weiter mit einem Emp- 
fangskanal (220) zum Empfangen von von einer 40 
zweiten Laserdiode (310) erzeugtem Licht wobei 

die beiden Laserdioden (300, 310) eine optische 
Vollduplexverbindung bilden, 

einer Uberwachungseinrichtung (240), die den 45 
Empfangskanal (220) mit dem digitalen Daten- 
prozessor (162) verbindet, zum Erzeugen ei- 
nes empfangenen Leistungssignals, das der 
Gleichstromlichtleistung des von der zweiten 
Laserdiode (310) empfangenen Lichts ent- so 
spricht; 

wobei der digitale Datenprozessor (162) eine 
Einrichtung zum Empfangen des empfangenen 
Leistungssignals aufweist, sowie eine Einrich- 
tung (A) zum Vergleichen des empfangenen 55 
Leistungssignals mit vorbestimmten Kriterien 
und dadurch zum Bestimmen, ob eine optische 
Vollduplexverbindung zwischen den beiden La- 



serdioden (300, 310) hergestellt wurde, (B) 
zum Einstellen des Treiberstrompegels fur die 
Laserdiode (300) auf einem ersten Pegel vor 
der Feststellung, daft eine Vollduplexverbin- 
dung hergestellt wurde, und (C) zum Einstellen 
des Treiberstrompegels fur die Laserdiode 
(300) auf einem zweiten Pegel nach der Fest- 
stellung, daft eine Vollduplexverbindung herge- 
stellt wurde; 

wobei der zweite Treiberstrompegel die zweite 
Laserdiode (300) veranlaftt, mindestens dop- 
pert so viel Lichtausgangsleistung zu erzeugen 
wie der erste Treiberstrompegel. 

6. Laserdiodensteuervorrichtung nach Anspruch 5, 
bei der der digitale Datenprozessor (162) eine Ein- 
richtung zum Uberwachen des empfangenen Lei- 
stungssignals aufweist, so daft eine Unterbrechung 
der Vollduplexverbindung erfaftt und nach dem Er- 
fassen der Unterbrechung der Treiberstrompegel 
auf den ersten Pegel zuruckgestellt wird. 

7. Laserdiodensteuervorrichtung nach Anspruch 5, 
bei der der digitale Datenprozessor (162) eine Ein- 
richtung zum Erfassen von Verringerungen minde- 
stens einer vorbestimmten Grofte des empfange- 
nen Energiesignals und zum Erzeugen eines Warn- 
signals, wenn eine solche Verringerung erfaftt wur- 
de, aufweist; wodurch der digitale Datenprozessor 
(162) einen Versuch, die Ober die optische Volldu- 
plexverbindung ubertragenen Daten abzuhdren, 
erfassen kann. 

8. Laserdiodensteuervorrichtung nach einem der vor- 
hergehenden Anspruche, bei der die Treiberstrom- 
schaltung (176, 179, 182) die folgenden Elemente 
aufweist: 

einen bipolaren Transistor (182), dessen Emit- 
ter mit einer Stromquelle (174), dessen Basis 
mit dem digitalen Datenprozessor (162) und 
dessen Kollektor direkt mit der Laserdiode 
(100) verbunden ist; und 
einen mit dem Kollektor verbundenen Konden- 
sator (1 90) der in fur Wechselstrom durchlas- 
siger Weise den Kollektor mit einer Eingangs- 
signalleitung verbindet, wobei an die Eingangs- 
signalleitung Hochfrequenzsignale anliegen, 
die durch die Laserdiode (100) dann optisch 
ubertragen werden. 

9. Mehrkanal-Laserdiodenvorrichtung mit 

mehreren Laserdioden (100); 
jeweils einem eigenen Lichtleistungssensor 
(116), der nahe der jeweiligen Laserdiode (100) 
angeordnet ist, urn so einen Teil des von der 
Laserdiode (100) emittierten Lichts zu empfan- 
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gen, wobei der Lichtleistungssensor (116) ein 
LichtleistungsmeBsignal erzeugt, das der 
Lichtleistung des vom Leistungssensor (116) 
empfangenen Lichts entspricht; 
jeweils einer eigenen Treiberstromschaltung 
(176, 179, 182), die mit der jeweiligen Laserdi- 
ode (100) verbunden ist, wobei der jeweilige 
Treiberstrom einen eigens festgelegten Trei- 
berstrompegel an eine entsprechende der La- 
serdioden (100) anlegt; und 
einem einzigen Datenprozessor (162), der mit 
alien Lichtleistungssensoren (116) und alien 
Treiberschaltungen (176, 179, 182) in Verbin- 
dung steht, der die an die Laserdioden (100) 
angelegten bestimmten Treiberstrompegel ein- 
stellt und der die LichtleistungsmeBsignale von 
den Lichtleistungssensoren (116) empfangt; 
wobei der digitale Datenprozessor (162) eine 
Einrichtung zum stufenweisen Verstellen des 
Treiberstroms fur jede Laserdiode (100) durch 
eine Abfolge von Werten zum Berechnen von 
Betriebswerten fur jede Laserdiode (100) auf- 
grund von fur jeden Treiberstromwert empfan- 
genen LichtleistungsmeBsignalen und zum 
Auswahlen eines Treiberstrompegels fur jede 
Laserdiode (100) aufgrund der empfangenen 
LichtleistungsmeBsignale aufweist; 

gekennzeichnet 

durch einen mit dem digitalen Datenprozes- 
sor (162) verbundenen nichtfluchtigen Speicher 
(1 66), wobei der digitale Datenprozessor (1 62) eine 
Einrichtung zum Speichern von Daten im nicht- 
fluchtigen Speicher (166) aufweist, wobei die ge- 
speicherten Daten mindestens einen Kalibrierungs- 
koeffizienten fur jeden der Lichtleistungssensoren 
(116), Initialisierungswerte und die berechneten Be- 
triebswerte jeder Laserdiode ( 1 00) festlegen, wobei 
die Kalibrierungskoeffizienten vom digitalen Daten- 
prozessor (162) erzeugt und gespeichert werden, 
was aufgrund der von den Lichtleistungssensoren 
(116) empfangenen LichtleistungsmeBsignale und 
aufgrund eines Signals geschieht, das vom digita- 
len Datenprozessor (162) empfangen wird und von 
einer LichtmeBvorrichtung (250) kommt, die auBer- 
halb der Vorrichtung liegt und so angeordnet ist, 
daB sie die Lichtausgangsleistung an der vorderen 
Flache der Laserdiode (100) miBt, wahrend die 
Treiberstromschaltung (176, 179, 182) Strom an die 
Laserdiode (100) anlegt; 

dadurch, daB der digitale Datenprozessor 
(162) eine Einrichtung aufweist, die die gespeicher- 
ten Daten jedes Mai, wenn die Steuervorrichtung 
eingeschaltet wird, zum Einstellen der Treiber- 
strompegel fur die Laserdioden (100) verwendet; 
und 

durch einen KommunikationsanschluB (200) 
zum Senden von Information, einschlieBlich der in 



dem nichtfluchtigen Speicher gespeicherten Daten 
(166), an einen Host-Computer (202) und zum 
Empfangen von Befehlen vom Host-Computer 
(202). 

5 

10. Mehrkanal-Laserdiodenvorrichtung nach Anspruch 
9, bei der der digitale Datenprozessor (162) weiter 
die folgenden Elemente aufweist: eine Einrichtung 
zum Erfassen des Alterns der jeweiligen Laserdi- 

10 oden (100) mit einer Einrichtung zum Speichern 
von die berechneten Betriebswerte der Laserdiode 
(100) festlegenden Daten im nichtfluchtigen Spei- 
cher (166), eine Einrichtung zum periodischen 
Uberprufen der Betriebsbereitschaft der Laserdi- 

75 ode (100), indem der Treiberstrom eine abgestufte 
Abfolge von Werten annimmt, eine Einrichtung zum 
Berechnen eines Satzes von Betriebswerten der 
Laserdiode (100) aufgrund empfangener Lichtlei- 
stungssignale fur jeden Treiberstromwert, und eine 

20 Einrichtung zum Erzeugen eines Fehlersignals, 
wenn der berechnete Satz von Betriebswerten vor- 
bestimmte Kriterien bezuglich der im nichtfluchti- 
gen Speicher (166) gespeicherten Betriebswerte 
nicht erfullt. 

25 

11. Mehrkanal-Laserdiodenvorrichtung nach Anspruch 
9 oder 1 0, bei der der digitale Datenprozessor (1 62) 
eine Einrichtung zum Uberprufen der Linearitat der 
Laserdiode (100) aufgrund der empfangenen Licht- 

30 leistungsmeBsignale, wobei die Linearitat darin be- 
steht, daB die Lichtleistung mit einer Zunahme des 
Treiberstroms gleichmaBig zunimmt, und eine Ein- 
richtung zum Erzeugen eines Fehlersignals, wenn 
die jeweilige Laserdiode (100) vorbestimmte Linea- 

3S ritatskriterien nicht erfullt, aufweist. 

12. Mehrkanal-Laserdiodenvorrichtung nach Anspruch 
9, 10 oder 11, weiter mit einem Empfangskanal 
(220) fur jede der Laserdioden (100) zum Empfan- 

40 gen von von einer entsprechenden zweiten, jeder 
der mehreren Laserdioden (100) entsprechenden 
Laserdiode (310) erzeugtem Licht, wobei jede der 
Laserdioden (100, 300) und die entsprechende 
zweite Laserdiode (310) eine optische Vollduplex- 

45 verbindung bilden, 

einer Uberwachungseinrichtung (240), die je- 
den Empfangskanal (220) mit dem digitalen 
Datenprozessor (162) verbindet, zum Erzeu- 

so gen empfangener Leistungssignale, die der 

Gleichstromlichtleistung des von den entspre- 
chenden zweiten Laserdioden (310) empfan- 
genen Lichts entspricht; 
wobei der digitale Datenprozessor (162) eine 

55 Einrichtung zum Empfangen der empfangenen 

Leistungssignale aufweist, sowie eine Einrich- 
tung (A) zum Vergleichen der empfangenen 
Leistungssignale mit vorbestimmten Kriterien 
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und dadurch zum Bestimmen, ob die jeweilige 
optische Vollduplexverbindung hergesteltt wur- 
de, (8) zum Einstellen des Treiberstrompegels 
fur die jeweilige Laserdiode (100, 300) auf ei- 
nem ersten Pegel vor der Feststellung, daB ei- 
ne Vollduplexverbindung hergestellt wurde, 
und (C) zum Einstellen des Treiberstrompegels 
fur die jeweilige Laserdiode (100, 300) auf ei- 
nem zweiten Pegel nach der Feststellung, daB 
eine Vollduplexverbindung hergestellt wurde; 
wobei der zweite Treiberstrompegel die jewei- 
lige Laserdiode (100, 300) veranlaBt, minde- 
stens doppelt so viel Lichtausgangsleistung zu 
erzeugen wie der erste Treiberstrompegel. 

13. Mehrkanal-Laserdiodenvorrichtung nach Anspruch 
12, bei der der digitale Datenprozessor (162) eine 
Einrichtung zum Uberwachen des empfangenen 
Leistungssignals aufweist, so daB eine Unterbre- 
chung der jeweiligen Vollduplexverbindung erfaBt 
und nach dem Erfassen der Unterbrechung der 
Treiberstrompegel auf den ersten Pegel zuruckge- 
stellt wird. 

14. Mehrkanal-Laserdiodenvorrichtung nach einem 
der Anspruche 9 bis 13, bei der jeder der Treiber- 
stromschaltungen (176, 179, 182) die folgenden 
Elemente aufweist: 

einen bipolaren Transistor (182) dessen Emit- 
ter mit einer Stromquelle (174), dessen Basis 
mit dem digitalen Datenprozessor (162) und 
dessen Kollektor direkt mit der Laserdiode 
(100) verbunden ist; und 
einen mit dem Kollektor verbundenen Konden- 
sator (1 90) der in fur Wechselstrom durchlas- 
siger Weise den Kollektor mit einer Eingangs- 
signalleitung verbindet, wobei an der Ein- 
gangssignalleitung Hochfrequenzsignale an- 
liegen, die durch die Laserdiode (1 00) dann op- 
tisch Obertragen werden. 

15. Verfahren zum Steuern einer Laserdiode mit den 
folgenden Schritten: 

Anlegen eines Treiberstroms an eine Laserdi- 
ode (100) zum Erzeugen von Licht; 
Messen der Lichtieistung des so erzeugten 
Lichts mit einem Lichtleistungssensor (116); 
unter Steuerung eines digitalen Datenprozes- 
sors (162), wenn die Laserdiode (100) zum er- 
sten Mai eingeschaltet wird, automatisches 
stufenweises Verstellen des Treiberstroms 
durch eine Abfolge von Werten, Empfangen ei- 
ner Lichtleistungsmessung fur jeden Treiber- 
stromwert vom Lichtleistungssensor, Berech- 
nen von Betriebswerten der Laserdiode (100) 
aufgrund der empfangenen Lichtleistungsmes- 



sung fur jeden Treiberstromwert, Speichern in 
einem nichtfluchtigen Speicher (166) von Da- 
ten, die mindestens einen Kalibrierungskoeffi- 
zienten fur den Lichtleistungssensor (116), In- 
itialisierungswerte und die berechneten Be- 
triebswerte der Laserdiode (100) bestimmen, 
wobei der Kalibrierungskoeffizient vom digita- 
len Datenprozessor (162) erzeugt und gespei- 
chert wird, was aufgrund der vom Lichtlei- 
stungssensor (116) empfangenen Lichttei- 
stungsmessungen und aufgrund eines Signals 
geschieht, das vom digitalen Datenprozessor 
(162) empfangen wird und von einer 
LichtmeBvorrichtung (250) kommt, die auBer- 
halb der Steuervorrichtung liegt und so ange- 
ordnet ist, daB sie die Lichtausgangsleistung 
an der vorderen Flache der Laserdiode (100) 
miBt, wahrend Treiberstrom an die Laserdiode 
(100) angelegt wird; 

unter Steuerung des digitalen Datenprozes- 
sors (162), jedes Mai beim Einschalten der La- 
serdiode (100), Auswahlen eines Treiberstrom- 
pegels fur die Laserdiode (100) aufgrund von 
vom Lichtleistungssensor (116) empfangenen 
Lichtleistungsmessungen und aufgrund des 
mindestens einen im nichtfluchtigen Speicher 
(166) gespeicherten Kalibrierungskoeffizien- 
ten; 

Senden von Information, einschlieBlich der im 
nichtfluchtigen Speicher (166) gespeicherten 
Daten, an einen Host-Computer (202) und 
Empfangen von Befehlen vom Host-Computer. 

16. Verfahren zum Steuern einer Laserdiode nach An- 
spruch 15, weiter mit den folgenden Schritten: Er- 
fassen des Alterns der Laserdiode (100) durch (A) 
Speichern von die berechneten Betriebswerte des 
Laserdiode (100) festlegenden Daten im nichtfluch- 
tigen Speicher (166), und (B) periodisches Uber- 
prOfen der Betriebsbereitschaft des Laserdiode 
(100) durch stufenweises Verstellen des Treiber- 
stroms durch eine Abfolge von Werten, Berechnen 
eines Satzes von Betriebswerten der Laserdiode 
(100) aufgrund empfangener Lichtleistungssignale 
fur jeden Treiberstromwert, und Erzeugen eines 
Fehlersignals, wenn der berechnete Satz von Be- 
triebswerten vorbestimmte Kriterien bezuglich der 
im nichtfluchtigen Speicher (166) gespeicherten 
Betriebswerte nicht erfullt. 

17. Verfahren zum Steuern einer Laserdiode nach An- 
spruch 15 Oder 16, weiter mit den folgenden Schrit- 
ten: 

55 Vergleichen der berechneten Betriebswerte 

der Laserdiode (100) mit vorbestimmten Krite- 
rien und 

Erzeugen eines Fehlersignals, wenn die be- 
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rechneten Betriebswerte die vorbestimmten 
Kriterien nicht erfullen. 

18. Verfahren zum Steuern einer Laserdiode nach An- 
spruch 15 Oder 16, weiter mit den folgenden Schrit- 

ten: 

Uberprufen der Linearitat der Laserdiode 
(100) aufgrund der empfangenen Lichtleistungs- 
messungen, wobei die Linearitat darin besteht, daB 
die Lichtleistung mit dem Treiberstrom konstant an- 
steigt, und Erzeugen eines Fehlersignals, wenn die 
Laserdiode (100) die vorbestimmten Linearitatskri- 
terien nicht erfullt. 

19. Verfahren zum Steuern einer Laserdiode nach den 
Anspruchen 15, 16, 17 oder 18, weiter mit den fol- 
genden Schritten: 

Vorsehen eines Empfangskanals (220), der 
von einer zweiten Laserdiode (310) erzeugtes 
Llcht empfangt, wobei die beiden Laserdioden 
(300, 310) eine optische Vollduplexverbindung 
bilden; 

Messen der Gleichstromlichtleistung des von 
der zweiten Laserdiode (310) empfangenen 
Lichts; 

unter Steuerung des digitalen Datenprozes- 
sors (162) Empfangen der Gleichstromlichtlei- 
stungsmessung fur die zweite Laserdiode 
(310), Vergleichen der Gleichstromlichtlei- 
stungsmessung mit vorbestimmten Kriterien 
und dadurch Bestimmen, ob eine optische Voll- 
duplexverbindung zwischen den beiden Laser- 
dioden hergestellt wurde, Einstellen des Trei- 
berstrompegels fur die Laserdiode (100, 300) 
auf einen ersten Pegel vor der Feststellung, 
daB eine Vollduplexverbindung hergestellt wur- 
de, Einstellen des Treiberstrompegels fur die 
Laserdiode (100, 300) auf einen zweiten Pegel 
nach der Feststellung, daB eine Vollduplexver- 
bindung hergestellt wurde; 
wobei der zweite Treiberstrompegel hoher als 
der erste Treiberstrompegel ist. 

20. Verfahren zum Steuern einer Laserdiode nach An- 
spruch 19, weiter mit den folgenden Schritten: 

Uberwachen der Gleichstromlichtleistungs- 
messung zum Erfassen einer Unterbrechung der 
Vollduplexverbindung, und ROcksetzen des Trei- 
berstrompegels auf den ersten Pegel nach dem Er- 
fassen einer solchen Unterbrechung. 

21. Verfahren zum Steuern einer Laserdiode nach An- 
spruch 1 9, weiter mit den folgenden Schritten: 

Erfassen von Verringerungen mindestens ei- 
ner vorbestimmten GroBe der Gleichstromlichtlei- 
stungsmessung und Erzeugen eines Warnsignals, 
wenn eine solche Verringerung erfaBt wurde; wo- 



durch Versuche, die uber die optische Vollduplex- 
verbindung ubertragenen Daten abzuhoren, erfaBt 
werden. 

5 

Revendications 

1. Dispositif de commande pour une diode laser, 
comprenant : 

10 

un capteur de puissance optique (116), qui re- 
port une partie de la lumiere emise par une dio- 
de laser (100) et produit un signal de mesure 
de puissance optique correspondant a la puis- 

1$ sance optique de la lumiere recue par (edit cap- 

teur de puissance (116); 
un circuit a courant de commande 
(176,179,182), couple a ladite diode laser, qui 
applique un niveau specifie de courant de com- 

20 mande a ladite diode laser (100); et 

un processeur de donnees numeriques (162), 
couple audit capteur de puissance optique 
(116) et audit circuit a courant de commande 
(1 76, 1 79, 1 82), qui regie ledit niveau specifie de 

25 courant de commande applique a ladite diode 

laser (100) et recoit ledit signal de mesure de 
puissance optique provenant dudit capteur de 
puissance optique (116); ledit processeur de 
donn6es numeriques (162) comprenant des 

30 moyens pour echelonner ledit courant de com- 

mande selon une sequence de valeurs, calcu- 
ler des caracteristiques de fonctionnement de 
ladite diode laser (100) sur la base de signaux 
recus de mesure de la puissance optique pour 

35 chaque valeur de courant de commande, et se- 

lectionner un niveau de courant de commande 
pour ladite diode laser (1 00) sur la base desdits 
signaux de mesure de puissance optique re- 
cus; 

40 

caracterise par : 

une memoire non volatile (166) couple audit 
processeur de donnees numeriques (162); 

45 ledit processeur de donnees numeriques (162) 

comprenant des moyens pour memoriser des 
donnees dans ladite memoire non volatile 
(166), lesdites donnees memorisees indiquant 
au moins un coefficient d'etalonnage pour ledit 

50 capteur de puissance optique (116), des va- 

leurs d'initialisation, et lesdites caracteristiques 
de fonctionnement calculees de ladite diode la- 
ser (100), ledit au moins un coefficient d'etalon- 
nage etant produit et memorise par ledit pro- 

55 cesseur de donnees numeriques (162) sur la 

base dudit signal de mesure de puissance op- 
tique recu en provenance dudit capteur de puis- 
sance optique (1 1 6) et d'un signal recu par ledit 
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de donnees numeriques (162) comprend en outre 
des moyens pour appliquer des tests d'assurance 
de qualite a ladite diode laser (100), comprenant 
des moyens pour comparer lesdites caracteristi- 
5 ques de fonctionnement calculees de ladite diode 
laser (100) a des criteres predefinis et produire un 
signal d'erreur lorsque lesdites caracteristiques de 
fonctionnement calculees ne satisfont pas auxdits 
criteres predefinis. 

10 

5. Dispositif de commande pour diode laser selon 
Tune quelconque des revendications precedentes, 
comprenant en outre un canal de reception (220) 
pour recevoir une lumiere produite par une seconde 
75 diode laser (310), lesdites deux diodes laser 
(300,310) formant une liaison optique en duplex ; 

des moyens de controle (240), couplant ledit 
canal de reception (220) audit processeur de 
20 donnees numeriques (162), pour produire un 

signal de puissance recu correspondant a la 
puissance optique en courant continu de ladite 
lumiere recue provenant de ladite seconde dio- 
de laser (310); 

25 ledit processeur de donnees numeriques (162) 

comprenant des moyens pour recevoir ledit si- 
gnal de puissance recu; et des moyens pour (A) 
comparer ledit signal de puissance recu a des 
criteres pr6d6finis et determiner de ce fait si 

30 une liaison optique en duplex a ete etablie entre 

lesdites deux diodes laser (300, 31 0); (B) regler 
ledit niveau de courant de commande pour la- 
dite diode laser (300) a un premier niveau avant 
de determiner qu'une liaison en duplex a ete 

35 etablie; et (C) regler ledit niveau de courant de 

commande pour ladite diode laser (300) a un 
second niveau apres la determination du fait 
que la liaison en duplex a ete etablie; 
ledit second niveau de courant de commande 

40 amenant ladite diode laser (300) a produire une 

puissance optique de sortie au moins deux fois 
plus eiev£e que ce que fournit ledit premier ni- 
veau de courant de commande. 



processeur de donnees numeriques (162) a 
partir d'un dispositif de mesure de lumiere (250) 
situe a I'exterieur dudit dispositif de commande 
et agence de maniere a detecter la puissance 
de sortie optique delivree par la facette avant 
de ladite diode laser (1 00) alors que ledit circuit 
a courant de commande (176,179,182) appli- 
que un courant a ladite diode laser (100); 
ledit processeur de donnees numeriques (162) 
comprenant des moyens pour utiliser lesdites 
donnees m6morisees pour regler ledit niveau 
de courant de commande pour ladite diode la- 
ser (100) chaque fois que ledit dispositif de 
commande est active; et 
un portde communication (200) pourtransmet- 
tre les informations, incluant lesdites donnees 
memorisees dans ladite memoire non volatile 
(166), a un ordinateur central (202) et pour re- 
cevoir des instructions de la part dudit ordina- 
teur central (202). 

2. Dispositif de commande pour diode laser selon la 
revendication 1, dans lequel ledit processeur de 
donnees numeriques (162) comporte en outre des 
moyens pour detecter un vieillissement de ladite 
diode laser (100), comprenant des moyens pour 
memoriser des donnees indiquant lesdites caracte- 
ristiques de fonctionnement calculees de ladite dio- 
de laser (100) dans ladite m6moire non volatile 
(166), des moyens pour controler periodiquement 
la capacite de fonctionnement de ladite diode laser 
(100) par echelonnement dudit courant de com- 
mande selon une sequence de valeurs, des 
moyens pour calculer un ensemble de caracteristi- 
ques de fonctionnement de ladite diode laser (100) 
sur la base de signaux de puissance optique recus 
pour chaque valeur de courant de commande, et 
des moyens pour produire un signal d'erreur lors- 
que ledit ensemble calcuie de caracteristiques de 
fonctionnement ne satisfait pas a des criteres pre- 
definis en rapport avec lesdites caracteristiques de 
fonctionnement memorisees dans ladite m6moire 
non volatile (166). 

3. Dispositif de commande pour diode laser selon la 
revendication 1 ou 2, dans lequel ledit processeur 
de donn6es numeriques (162) comprend des 
moyens pour tester si ladite diode laser (100) pre- 
sente une linearite sur la base desdits signaux de 
mesure de puissance optique recus, la linearite 
comprenant un taux d'accroissement de la puissan- 
ce optique compatible avec des accroissements du 
courant de commande, et des moyens pour produi- 
re un signal d'erreur lorsque ladite diode laser (100) 
ne satisfait pas aux criteres predefinis de linearite. 

4. Dispositif de commande pour diode laser selon la 
revendication 1 ou 2, dans lequel ledit processeur 



45 6. Dispositif de commande pour diode laser selon la 
revendication 5, dans lequel ledit processeur de 
donn6es numeriques (162) comprend des moyens 
pour controler ledit signal de puissance recu afin de 
detecter une interruption de ladite liaison en duplex 

50 et ramener ledit niveau de courant de commande 
au premier niveau apres detection de ladite inter- 
ruption. 



7. Dispositif de commande pour diode laser selon la 
55 revendication 5, dans lequel ledit processeur de 
donn6es numeriques (162) comprend des moyens 
pour detecter des reductions d'au moins une ampli- 
tude pr6s6lectionn6e dudit signal de puissance re- 
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gu et produire un signal d'avertissement chaque fois 
qu'une telle reduction est detectee; ce qui a pour 
effet que ledit processeur de donnees numeriques 
(162) peut detecter une tentative d'ecoute clandes- 
tine sur des donnees transmises par I'intermediaire s 
de ladite liaison optique en duplex. 

8. Dispositif de commande pour diode laser selon 
Tune quelconque des revendications precedentes, 
dans lequel ledit circuit a courant de commande 10 
(176,179,182) comprend: 

un transistor bipolaire (182) possSdant un 
emetteur couple a une source d'alimentation 
(174), une base couplee audit processeur de is 
donnees numeriques (162) et un collecteur 
connecte directement a ladite diode laser 
(100); et 

un condensateur (190), connecte audit collec- 
teur et qui couple, en courant alternatif, ledit 20 
collecteur a une ligne de transmission de si- 
gnaux d'entrde, ladite ligne de transmission de 
signaux d'entree vehiculant des signaux a hau- 
te frequence devant etre transmis optiquement 
par ladite diode laser (100). 25 

9. Appareil a diode laser a canaux multiples, 
comprenant : 

une pluralite de diodes laser (100); 30 
un capteur de puissance optique separe (116) 
dispose a proximite de chacune desdites dio- 
des laser (100) pour recevoir une partie de la 
lumiere emise par ladite diode laser (100), ledit 
capteur de puissance optique (116) produisant 35 
un signal de mesure de puissance optique cor- 
respondent a la puissance optique de la lumie- 
re recue par ledit capteur de puissance (116); 
un circuit a courant de commande separe 
(176,179, 182) couple a chacune desdites dio- 40 
des laser (100), chacun desdits cou rants de 
commande appliquant un niveau, specific se- 
parement, de courant de commande par I'inter- 
mediaire de Tune correspondante desdites dio- 
des laser (100); et 45 
un processeur unique de donnees numeriques 
(162), couple a I'ensemble desdits capteurs de 
puissance optique (1 1 6) et a I'ensemble desdits 
circuits a courant de commande (1 76, 1 79, 1 82), 
qui regie lesdits niveaux specifies de courant 
de commande appliques auxdites diodes laser 
(1 00) et qui recoit lesdits signaux de mesure de 
puissance optique provenant desdits capteurs 
de puissance optique (116); ledit processeur de 
donn6es numeriques (162) comprenant des 
moyens pour echelonner ledit courant de com- 
mande pour chaque diode laser (100) selon 
une sequence de valeurs, pour calculer des ca- 



racteristiques de fonctionnement de chacune 
desdites diodes laser (100) sur la base de si- 
gnaux de mesure de puissance optique recus 
pour chaque valeur de courant de commande, 
et pour selectionner un niveau de courant de 
commande pour chacune desdites diodes laser 
(100) sur la base desdits signaux recus de me- 
sure de puissance optique; 

caracterise par : 

une memoire non volatile (166) couplee audit 
processeur de donnees numeriques (1 62), ledit 
processeur de donnees numeriques (162) 
comprenant des moyens pour memoriser des 
donnees dans ladite memoire non volatile 
(166), lesdites donnees memorisees indiquant 
au moins un coefficient d'etalonnage pour cha- 
cun desdits capteurs de puissance optique 
(116), des valeurs d'initialisation, et lesdites ca- 
racteristiques de fonctionnement calculees de 
chacune desdites diodes laser (100), lesdits 
coefficients d'etalonnage etant produits et me- 
morises par ledit processeur de donnees nu- 
meriques (162) sur la base desdits signaux de 
mesure de puissance optique recus en prove- 
nance desdits capteurs de puissance optique 
(116), et d'un signal recu par ledit processeur 
de donnees numeriques (162) en provenance 
d'un dispositif de mesure de lumiere (250) situe 
a I'exterieur dudit dispositif et agence de ma- 
nure a detecter la puissance de sortie optique 
delivree par la facette avant de ladite diode la- 
ser (100) alors que ledit circuit a courant de 
commande (176,179,182) applique un courant 
a ladite diode laser (100); 
ledit processeur de donnees numeriques (1 62) 
comprenant des moyens pour utiliser lesdites 
donnees memorisees pour regler lesdits ni- 
veaux de courant de commande pour lesdites 
diodes laser (100) chaque fois que ledit appa- 
reil est active; 

un port de communication (200) pour transmet- 
tre des informations, y compris lesdites don- 
nees memorisees dans ladite memoire non vo- 
latile (166), a un ordinateur central (202) et pour 
recevoir des instructions de la part dudit ordi- 
nateur central (202). 



so 10. Appareil a diode laser a canaux multiples selon la 
revendication 9, dans lequel ledit processeur de 
donnees numeriques (162) comprend en outre des 
moyens pour detecter un vieillissement de chacune 
desdites diodes laser (100), comprenant des 
ss moyens pour memoriser des donnees designant 
lesdites caracteristiques de fonctionnement calcu- 
lees de ladite diode laser (1 00) dans ladite memoire 
non volatile (166), des moyens pour contr6ler p6- 
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riodiquement la capacite de fonctionnement de la- 
dite diode laser (1 00) par echelonnement dudit cou- 
rant de commande selon une sequence de valeurs, 
des moyens pour calculer un ensemble de caracte- 
ristiques de fonctionnement de ladite diode laser 
(100) sur la base de signaux de puissance optique 
recus pour chaque vateur de courant de commande 
et des moyens pour produire un signal d'erreur lors- 
que ledit ensemble calcule de caracteristiques de 
fonctionnement ne satisfait pas a des criteres pre- 
definis en rapport avec lesdites caracteristiques de 
fonctionnement memorisees dans ladite memoire 
non volatile (166). 

11. Appareil a diode laser a canaux multiples selon la 
revendication 9 ou 10, dans lequel ledit processeur 
de donnees numeriques (162) comprend des 
moyens pour tester si ladite diode laser (100) pre- 
sente une linearite sur la base desdits signaux de 
mesure de puissance optique recus, la linearite 
comprenant un taux d'accroissement de la puissan- 
ce optique compatible avec des accroissements du 
courant de commande, et des moyens pour produi- 
re un signal d'erreur lorsque ladite diode laser (100) 
ne satisfait pas a des criteres pred§finis de linearite. 

12. Appareil a diode laser a canaux multiples selon la 
revendication 9, 10 ou 11 , comprenant en outre un 
canal de reception (220) pour chacune desdites 
diodes laser (100) pour recevoir une lumiere pro- 
duite par une seconde diode laser respective (310) 
correspondant a chacune de ladite plurality de dio- 
des laser (100), chacune desdites diodes laser 
(100,300) et ladite seconde diode laser respective 
(310) formant une liaison optique en duplex ; 

des moyens de contrdle (240) couplant chacun 
desdits canaux de reception (220) audit pro- 
cesseur de donnees nurrteriques (162), pour 
produire des signaux de puissance recus cor- 
respondant a la puissance optique en courant 
continu de ladite lumiere recue provenant des- 
dites secondes diodes laser respectives (310); 
ledit processeur de donnees numeriques (1 62) 
comprenant des moyens pour recevoir lesdits 
signaux de puissance recus et des moyens 
pour (A) comparer lesdits signaux de puissan- 
ce recus a des criteres predefinis et determiner 
de ce fait si chacune desdites liaisons optiques 
en duplex a ete etablie; (B) regler ledit courant 
de commande pour chacune desdites diodes 
laser (100,300) a un premier niveau avant de 
determiner qu'une liaison en duplex a 6te eta- 
blie; et (C) regler ledit niveau de courant de 
commande pour chacune desdites diodes laser 
(100,300) a un second niveau apres determi- 
nation du fait qu'une liaison en duplex a ete eta- 
blie; 



ledit second niveau de courant de commande 
amenant chacune desdites diodes laser 
(100,300) a produire une puissance de sortie 
optique au moins deux fois plus elev6e que ce 
5 que fournit ledit premier niveau de courant de 

commande. 

13. Appareil a diode laser a canaux multiples selon la 
revendication 12, dans lequel ledit processeur de 

io donnees numeriques (1 62) comprend des moyens 
pour controler lesdits signaux de puissance recus 
de maniere a detecter une interruption de chacune 
desdites liaisons en duplex et ramener ledit niveau 
de courant de commande audit premier niveau 

15 apres detection de ladite interruption. 

14. Appareil a diode laser a canaux multiples selon 
Tune quelconque des revendications 9 a 13, dans 
lequel ledit circuit a courant de commande 

20 (176,179,182) comprend: 

un transistor bipolaire (182) possedant un 
emetteur couple a une source d'alimentation 
(174), une base couplee audit processeur de 
25 donnees numeriques (162) et un collecteur 

connecte directement a ladite diode laser 
(100); et 

un condensateur (190), connecte audit collec- 
teur et qui couple, en courant alternatif, ledit 
30 collecteur a une ligne de transmission de si- 

gnaux d'entree, ladite ligne de transmission de 
signaux d'entree vehiculant des signaux a hau- 
te frequence devant etre transmis optiquement 
par ladite diode laser (100). 

35 

15. Proc6de pour commander une diode laser, les eta- 
pes du proc6d6 consistant a : 

appliquer un courant de commande a une dio- 
40 de laser (100) pour produire une lumiere; 

mesurer ladite puissance optique de la lumiere 
produite a I'aide d'un capteur de puissance op- 
tique (116); 

sous la commande d'un processeur de don- 
^5 nees numeriques (1 62), lorsque ladite diode la- 

ser (100) est alimentee pour la premiere fois, 
echelonner automatiquement ledit courant de 
commande selon une sequence de valeurs, re- 
cevoir une mesure de puissance optique pour 
50 chaque valeur de courant de commande deli- 

vree par ledit capteur de puissance optique, 
calculer des caracteristiques de fonctionne- 
ment de ladite diode laser (100) sur la base de 
ladite mesure de puissance optique recue pour 
55 chaque valeur de courant de commande, me- 

moriser, dans une memoire non volatile (166), 
des donnees indiquant au moins un coefficient 
d'etalonnage pour ledit capteur de puissance 
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optique (116), des valeurs ^initialisation et les- 
dites caracteristiques de fonctionnement calcu- 
lees de ladite diode laser (1 00), ledit coefficient 
d'etalonnage etent produit et memorise par le- 
dit processeur de donnees numeriques (162) 
sur la base desdites mesures de puissance op- 
tique recues de la part dudit capteur de puis- 
sance optique (116), et d'un signal recu par ledit 
processeur de donnees numeriques (162) pro- 
venant d'un dispositif de mesure de lumiere 
(250) situe a I'exterieur dudit dispositif de com- 
mando et agence de maniere a detecter la puis- 
sance de sortie optique delivree par la facette 
avant de ladite diode laser (100), alors qu'un 
courant de commande est applique a ladite dio- 
de laser (100); 

sous la commande dudit processeur de don- 
nees numeriques (162), chaque fois que ladite 
diode laser (100) est activee, s6lectionner un 
niveau de courant de commande pour ladite 
diode laser (100) sur la base de mesures de la 
puissance optique recues de la part dudit cap- 
teur de puissance optique (116) et dudit au 
moins un coefficient d'etalonnage memorise 
dans ladite memoire non volatile (166); 
transmettre des informations, y compris lesdi- 
tes donnees memorises dans ladite memoire 
non volatile (166), a un ordinateur central (202) 
et recevoir des instructions de la part dudit or- 
dinateur central. 

16. Precede pour commander une diode laser selon la 
revendication 15, comprenant en outre les elapes 
consistant a detecter le vieillissement de ladite dio- 
de laser (100) par (A) memorisation de donnees in- 
diquant lesdites caracteristiques de fonctionne- 
ment calculees de ladite diode laser (100) dans la- 
dite memoire non volatile (166) et (B) controle pe- 
riodique de I'aptitude au fonctionnement de ladite 
diode laser (100) par echelonnement dudit courant 
de commande selon une sequence de valeurs, cal- 
cul d'un ensemble de caracteristiques de fonction- 
nement de ladite diode laser (100) sur la base de 
signaux recus de puissance optique pour chaque 
valeurdu courant de commande, et production d'un 
signal d'erreur lorsque ledit ensemble calculi de ca- 
racteristiques de fonctionnement ne satisfait pas a 
des criteres predefinis en rapport avec lesdites ca- 
racteristiques de fonctionnement memorisees dans 
ladite memoire non volatile (166). 

17. Procede pour commander une diode laser selon la 
revendication 15 ou 16, comprenant en outre les 
Stapes consistant a 

comparer lesdites caracteristiques de fonction- 
nement calculees de ladite diode laser (100) a 
des criteres predefinis; et 



produire un signal d'erreur lorsque lesdites ca- 
racteristiques de fonctionnement calculees ne 
satisfont pas auxdits criteres predefinis. 

5 18. Procede pour commander une diode laser selon la 
revendication 15 ou 16, comprenant en outre les 
etapes consistant a : 

tester ladite diode laser (1 00) pour determiner 
si elle presente une linearite sur la base desdites 

10 mesures recues de puissance optique, la linearite 
comprenant un taux d'accroissement de la puissan- 
ce optique compatible avec des accroissements du 
courant de commande, et produire un signal d'er- 
reur lorsque ladite diode laser (100) ne satisfait pas 

is & des criteres predefinis de linearite. 

19. Procede pour commander une diode laser selon la 
revendication 15, 16, 17 ou 18, comprenant en 
outre les etapes consistant a 

20 

prevoir un canal de reception (220) qui recoit 
une lumiere produite par une seconde diode la- 
ser (310), lesdites deux diodes laser (300,310) 
formant une liaison optique en duplex ; 

2S mesurer la puissance optique en courant con- 

tinu de ladite lumiere recue provenant de ladite 
seconde diode laser (310); 
sous la commande dudit processeur de don- 
nees numeriques (162), recevoir ladite mesure 

30 de puissance optique en courant continu pour 

ladite seconde diode laser (310), comparer la- 
dite mesure de puissance optique en courant 
continu a des criteres pr6definis et determiner 
de ce fait si une liaison optique en duplex a et6 

35 etablie entre lesdites deux diodes laser, regler 

ledit niveau de courant de commande pour la- 
dite diode laser (100,300) a un premier niveau 
avant de determiner qu'une liaison en duplex a 
ete elablie, regler ledit niveau de courant de 

40 commande pour ladite diode laser (100,300) a 

un second niveau apres determination du fait 
qu'une liaison en duplex a ete etablie; 
ledit second niveau du courant de commande 
etant sup6rieur audit premier niveau du courant 

45 de commande. 

20. Proc6d6 pour commander une diode laser selon la 
revendication 1 9, comprenant en outre les etapes 
consistant a 

so contr&ler ladite mesure de puissance optique 

en courant continu de maniere a detecter une inter- 
ruption de ladite liaison en duplex, et ramener ledit 
niveau de courant de commande audit premier ni- 
veau apres detection de ladite interruption. 

55 

21. Procede pour commander une diode laser selon la 
revendication 1 9, comprenant en outre les etapes 
consistant a 
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detecter des reductions d'au moins une am- 
plitude preselectionnee de ladite mesure de puis- 
sance optique en courant continu, et produire un si- 
gnal divertissement chaque fois qu'une telle re- 
duction est detectee; ce qui a pour effet que des 
tentatives d'ecoute clandestine sur des donnees 
transmises par I'intermediaire de la liaison optique 
en duplex sont d6tect6es. 
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